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ABSTRACT
Treatment of Drosophila melanogaster spermatozoa with the alkyla­
ting agent ethyl methanesulfonate (EMS) Induces a high level of DNA 
ethylation, but Induces a comparatively low frequency of sex-linked 
recessive lethal mutations. The Induction of recessive mutations is 
germ cell stage specific with the highest frequencies being induced 
when late spermatids or mature spermatozoa are treated. A nigh fre­
quency of these induced mutations are mosaic mutations which apparently 
are established during early embryonic cleavage. Storage of EMS 
treated sperm cells in the seminal receptacle for prolonged periods 
causes a time dependent shift in the mutation spectrum. This storage 
effect results in a time dependent increase in the frequency of those 
types of mutational events that are classed as chromosome aberrations. 
To understand these aspects of the mutational spectrum it is important 
to determine if alkylations induced in the DNA of sperm cells are re­
tained throughout cleavage in the embryo. Retention of DNA alkylations 
was investigated by double labeling male Drosophila with ^2p and %-EMS 
and by comparing the ^H/^P ratios of DNA extracted from labeled sperm 
sampled at various times following EMS treatment with DNA extracted 
from embryos sampled throughout cleavage.
The %/32p ratios from the sperm samples indicate that DNA alkyla­
tions are lost from sperm cells at a very slow rate and that this loss 
can be accounted for by the hydrolysis of alkylated bases (ethyl 
purines) from the ethylated DNA. Because of this slow loss many of the 
alkyl groups accumulated in the treated spermatozoa are retained until
vi
fertilization.
Comparison of the 3H/32p ratios of sperm cells and embryos sug­
gests that there is a significant reduction of alkylation during early 
embryonic development prior to the first or second mitotic division. 
This reduction during the early embryonic period cannot be accounted 
for by spontaneous hydrolytic loss of alkylated bases. After this 
early embryonic period alkyl groups continue to be lost but the rate 
of loss in these later embryonic stages is not significantly greater 
than the rate for hydrolytic depurination of alkylated DNA. Some 
alkyl groups are retained throughout early cleavage and are detected 
in the gastrula which is the latest embryonic stage sampled.
vii
GENERAL SUMMARY OF ETHYL METHANESULFONATE MUTAGENESIS
Ethyl methanesulfonate (EMS) Is a powerful mutagen for a wide 
variety of prokaryotic and eukaryotic organisms. EMS has been shown 
to Induce various types of mutations, but the exact spectrum of muta­
tions Induced depends on the organism, tissue, and cell stage treated.
Prokaryotes
In bacteria and bacteriophage, EMS Induces forward and reverse 
mutations (Loveless and Howarth, 1959; Strauss, 1961; Yanofsky et al., 
1966) and apparently Induces a high frequency of transitional type 
mutations (mutations Involving base pair substitutions where a purine 
is exchanged for another purine or a pyrimidine Is exchanged for 
another pyrimidine). Kreig (1963) induced EMS revertants in rll T4 
bacteriophage mutants. The mutants used in this investigation were 
produced by mutagenic agents which cause specific types of DNA changes. 
Based on the types of mutants reverted Kreig concluded that the ma­
jority of EMS induced mutations in phage result from transitions of 
G:C— *A:T, whereas a smaller portion are due to A:T— -*-G:C transitions. 
Kreig also observed that EMS reverts proflavin induced frameshift muta­
tions (mutations which result from addition or deletion of a single 
base pair in the DNA), and concluded that in addition to inducing 
transitions, EMS could induce single base pair deletions which result 
in frameshift mutations. Tessman et al., (1964) treated host-range 
mutants of the single-stranded DNA phages S13 and 0X174 with EMS and 
observed that guanine sites underwent transitional type changes more
1
2frequently than did adenine sites. These authors also observed that 
in the single-stranded DNA the pyrimidine sites seemed to be mutated 
about as frequently as the complementary purine sites. Yanofsky et al. 
(1966) studied amino acid replacement in EMS induced revertants of 
tryptophan synthetase mutant strains of Escherichia coll. Observing 
that the majority of reversions involved single amino acid replacement 
the authors concluded that these amino acid replacements were most like­
ly the result of single-base pair changes of the transition types.
Fungi and Eukaryotic Plants
Results similar to those obtained with E. coli were observed when 
the fungus Neurospora crassa was treated with EMS. Mailing and de 
Serres (1968) found among 76 mutants induced at the Adenine-3b locus,
58% were transition mutations involving either G:C— ►A:! or A:T— ► G ^  
base changes; 9% were frameshift mutations involving single-base pair 
insertions or deletions; and 7% were considered to have involved more 
extensive intragenic deletions.
EMS induced both single locus mutations and chromosome aberrations 
in higher plants. Rao and Natarajan (1963) reporting the results of 
EMS seed treatment in barley (Hordeum vulgare L.) found that seed 
treatment resulted in an increased frequency of cytologically detectable 
chromosome aberrations (chromosome breaks, dicentric chromosomes and 
chromatid exchanges) in both mitotic root tip cells and meiotic pollen 
mother cells. The resulting M^ (first generation) plants had an in­
creased frequency of chlorophyll deficient chimeras which resulted 
from the induction of somatic chlorophyll mutations and exhibited a 
reduction in pollen and seed fertility. The M2 (second generation)
3plants resulting from EMS established lines were observed to have in­
creased frequencies of visible mutations.
Ficsor (1965) treated Zea mays pollen with an EMS-mlneral oil sus­
pension and observed the Induction of specific locus endosperm mutations 
involving three closely linked phenotypically distinguishable genes.
The majority of these mutations Involved simultaneous loss of all three 
genetic markers; however, a few of the endosperm mutants did involve 
single-gene mutations. EMS pollen treatment also increased the frequency 
of dominant effects (slow growth and pollen sterility) in the plants. 
Based on the multiple loss of endosperm markers and the occurance of 
dominant effects Ficsor concluded that in maize pollen EMS induces 
mostly chromosome aberrations, but may be capable of inducing some 
single-gene mutations. Amano and Smith (1965) treated both seeds and 
seedlings of Zea mays with aqueous solutions of EMS. They observed 
that the majority of mutants induced Involved single locus mutations 
which could have resulted from either single-base pair substitutions, 
single-base pair deletions or intra-cistronic deletions of several base 
pairs. The apparent inconsistency between the results of Ficsor and 
those of Amano and Smith is probably due to the treatment of different 
tissue types. Ficsor treated pollen gametes while Amano and Smith 
treated somatic cells of the seed embryos and growing seedlings.
Treatment of gametes (pollen) allows the detection of both chromosome 
aberrations and single locus mutations in the resulting endosperms and 
embryos. Induction of chromosome aberrations in somatic cells, however, 
can lead to immediate metabolic changes which affect cell viability and 
growth. As a result the treatment of somatic cells provides a very 
specific screen for genetic damage and allows only those mutations
which do not significantly affect cell functions to be transmitted to 
the next generation. Bhatia (1967) reports that dimethyl sulfoxide 
exerts a synergistic effect with EMS in the Induction of albina 
(chlorophyll deficient) mutants in the herb Arabldopsis thaliana.
Drosophila
EMS treatment of male Drosophila melanogaster induces a high fre­
quency of both visible and lethal recessive mutations, (Fahmy and Fahmy, 
1957 and 1961; Alderson, 1965; Epler, 1966; Jenkins, 1967a and 1967b) 
but the increased mutation frequency is observed only in specific germ­
cell stages. Fahmy and Fahmy (1957 and 1961) observed that three-day 
sequential matings (broods) of EMS-injected males produced elevated 
frequencies of visible and sex-linked recessive lethal mutations only 
in those broods which result from spermatozoa that were treated during 
the post-meiotic stages. Jenkins (1967a and 1967b) also reported that 
EMS-lnduced visible mutations are stage specific and that they occur 
with greatest frequency when post-meiotic cells (spermatid and sperma­
tozoa) are treated.
Another aspect of the EMS mutational spectrum in Drosophila is 
that a high frequency of the mutations Induced are mosaic mutations 
producing individuals which contain both mutant and non-mutant cells 
(Jenkins, 1967a and 1967b; Epler, 1966; Alderson, 1965; Lee et al.,
1970). Jenkins (1967a) observed that in 405 F^ EMS induced dumpy 
mutants 315 (78%) were visibly mosaic and 90 (22%) were visibly complete. 
Jenkins estimated that when correction was made for those mutants 
which were visibly complete but gonadally mosaic the frequency of F^ 
mosaic mutants was approximately 98%. Lee et al. (1970) also observed 
a high frequency of EMS-induced mosaic yellow-body F^ mutants (86%)
5and mosaic whlte-eye mutants (49%). The observation that 51% of the 
whlte-eye mutants are completes Is attributed to the finding that the 
nuclei of the eye imaginal disc represent only a small sample of the 
original cleavage nuclei. Thus, mutant Individuals can be mosaic but 
If mutant nuclei are not Included In the eye imaginal disc the mosaic 
Is not detected as a visible mutation in the F^. Lee (1976) has com­
bined data from several sources and estimates that among mutagen-induced 
visible-mosaic Fj females 11% carry a mosaic germline; 13% carry a 
completely mutant germline and 76% carry a completely non-mutant germ- 
line. This Indicates that on the average mosaic embryos carry an in­
duced mutation in only 1/4 of their nuclei. Thus, as observed by 
Auerbach (1946) the fixation of these mosaic mutations does not occur 
immediately after treatment of the sperm cells but apparently is de­
layed until the first or second mitotic division in the embryo.
Storage of EMS treated sperm cells in the seminal receptacle of 
the female causes a time dependent change in the mutation spectrum 
(Abrahamson et al., 1969’, Srain, 1970a and 1970b; Schalet, 1977). 
Abrahamson et al. (1969) reported an increase in translocation fre­
quency after 10-day storage of EMS treated sperm. Only 20 F^ cultures 
from the stored group were fertile and capable of being further tested 
for translocations. The number of translocations observed in the 
stored group (three translocations) is not much greater than the number 
observed in the non-stored group (one translocation) and thus the dif­
ference between the stored and non-stored groups may not be statisti­
cally significant. However, the sharp drop in the fertility among the 
stored cultures could indicate an EMS storage effect. Sram (1970a)
6treated Drosophila males with EMS and compared the frequency of dominant 
lethals In seven sequential egg broods taken over a 12 day period.
The frequency of dominant lethals shows a continual increase with 
storage time. Schalet (1977) examined four sequential broods of progeny 
derived from a group of EMS treated sperm cells stored over a 12 day
e
period and observed that later broods derived from stored EMS treated 
sperm cells had higher frequencies of sex-chromosome losses than did 
the earlier broods. Thus, the 'storage effect1 appears to be a time 
dependent increase in the frequency of those types of mutational events 
(translocations, dominant lethals and sex-chromatin losses) that are 
classed as chromosome aberrations.
Aaron and Lee (1978) reported that exposure of Drosophila males to 
25 raM EMS induced a dosage of 1.42 x 10" 2 ethylations per nucleotide in 
the sperm cells. This dose is equivalent to ethylation of 1.4% of the 
total nucleotides in the sperm cell or ethylation of about 7% of the 
guanines (Lee, 1976) most probably at the N-7 position. Parallel 
genetic tests of males treated at the same high dosage indicated that 
only 43% of the treated X-chromosomes carried sex-linked recessive 
lethals (Aaron and Lee, 1978). Using data for dose and genetic response 
from treatments with high and low levels of exposure to ^H-EMS these 
authors have constructed a dose-response curve. The relative frequency 
of sex-linked recessive lethals increases linearly with dosages ranging 
from 2.1 x 10"^ to 1.42 x 10"2 ethylations per nucleotide. This dose- 
response curve does not exhibit a dose threshold in relation to mutation 
induction and predicts that the dose of ethylation required to double 
the frequency of sex-linked recessive lethals is 4 x 10“  ^ethylations 
per nucleotide. This is equivalent to requiring the ethylation of
approximately 12,000 nucleotides for each doubling of mutation rate.
Thus, it appears that ethylation of sperm cell DNA is not ver efficient 
in inducing lethal mutations.
Mammalian Systems
*
Several groups of investigators (Ehling et al., 1968; Cattanach 
et al., 1968; Generoso and Russell, 1969; and Generoso et al., 1974) 
have reported that intraperitoneal (i.p.) injection of EMS induces domi­
nant lethal mutations in mice. In male mice the Induction of dominant 
lethal mutations is germ-cell stage specific. Cattanach et al., (1968) 
found the greatest increases in dominant lethal frequencies among progeny 
of matings made 6-7 days after i.p. injection, where the sperm had been 
treated as mature spermatozoa in the epididymis and as late spermatids 
in the testes. Sega (1974) using radiolabeling techniques has been able 
to estimate more precisely the most sensitive stage for dominant lethal 
induction. His data indicated that the spermatozoa which gave the 
highest dominant lethal frequencies were mid-spermatids at the time of 
EMS treatment. Ehling et ad., (1968) pointed out that dominant lethal 
mutations appeared to be Induced most frequently in those stages which 
were undergoing nuclear histone exchange (exchanges of lyslne-rich for 
arginine-rich hlstones) and suggested that the germ cell sensitivity 
was due to metabolic changes in these post-spermatogonial cells. Sega 
(1974) has shown that the mid spermatids do not exhibit the unscheduled 
DNA synthesis seen in earlier stages in response to EMS alkylation.
This Implies that spermatids may have lost an ability to repair DNA 
alkylation damage. Cattanach et al.t (1968) observed that the greatest 
frequency of translocations resulting from chromosome breakage after 
i.p. injection occurred during the period in which the greatest frequen­
cies of dominant lethal mutations were induced, suggesting that dominant
lethal mutations are primarily due to chromosome breakage and the re­
sulting rearrangement of the genetic material. Generoso at al. (1974) 
observed similar relations between stage of treatment and Induction of 
dominant lethal mutations and translocations following I.p. Injections 
of EMS above lOOmg/kg body weight.
EMS has also been shown to produce mutations under In vitro con­
ditions In mammalian tissue culture systems. Chu and Mailing (1968) 
provided evidence that EMS-Induced specific locus mutations In isolated 
Chinese hamster cell mutant clones. These clones were either auxo­
trophic for L-glutamine (glu~) or resistant to 8-azaguanine (azgr).
EMS significantly increased the reverse mutations at the glu locus and 
the forward and reverse mutations at the azg locus.
EMS Induced Alkylated DNA Products
Ethyl methanesulfonate belongs to the group of biologically active 
compounds designated alkylating agents. The biological effects of 
these chemical agents have been attributed to their ability to alkylate 
cellular macromolecules (protein and nucleic acids) under physiologi­
cal conditions (Drake, 1970; Loveless, 1966; Lawley, 1974a and 1974b). 
EMS is a monofunctional alkylating agent which reacts biochemically to 
ethylate nucleophilic sites on the cellular macromolecules. The alkyl­
ating reaction between EMS and biological macromolecules has been de­
scribed as a slightly modified blmolecular (SN2) nucleophilic substitu­
tion (Lawley, 1974a; Osterman-Golkar, et^  al., 1970) and EMS has been 
designated an Sfll/Sjj2 type alkylating agent. The types of products 
formed when EMS reacts with the nucleic acids (DNA and RNA) are of par­
ticular interest since it is assumed that these products lead to promu-
tagenic (events which require further modification to result in muta­
tions) and mutagenic events (Lawley, 1974b; Strauss, e£ al., 1975;
Verly, 1975). DNA has several sites which can react with EMS. Among 
these are the ring and amino nitrogens and keto oxygens of the bases 
and the oxygens of the phosphate groups which link the sugar components 
of the DNA backbone (Lawley and Brookes, 1963; Bannon and Verly, 1972;
Sun and Singer, 1975).
Early Investigations by Brookes and Lawley (1963) utilizing acid 
hydrolysis to separate ethylated DNA products indicated that under both 
in vitro and in vivo conditions the nitrogen positions were alkylated by 
EMS. Approximately 92% of the base ethylations occurred at the N-7 posi­
tion of guanine and 8% occurred at the N-3 position of adenine. Based 
on these results it was presumed that alkylation of the N-7 position of 
guanine was the biologically significant event in relation to EMS 
induced mutagenesis (Lawley and Brookes, 1961; Lawley, 1966).
Loveless (1969) suggested that the oxygens on the bases, particu­
larly the 0-6 position of guanine, might also be alkylated in nucleic 
acids. Following this suggestion many investigators (Lawley and 
Thatcher, 1970; Lawley and Orr, 1970; Sun and Singer, 1975; Singer,
1976) found a significant proportion of total alkylations at the 0-6 
position of guanine when nucleic acids were trep.ted under both in vivo 
and in vitro conditions with various Sjjl alkylating agents. SN2 Alkyl­
ating agents do not readily react with the 0-6 position of guanine 
possibly because it is less nucleophilic than other available sites 
(Sun and Singer, 1975; Lawley, 1974b).
Sun and Singer (1975) investigated the alkylation products re­
sulting from treatment of HeLa cell DNA with EMS under in vivo and in
10
vitro conditions. Their methods Involved a series of DNA degradation 
procedures. Utilizing a mild enzymatic digestion at neutral pH they 
were able to show that In addition to alkylating the nitrogen positions 
EMS also alkylated the 0-6 position of guanine. The distribution of 
the ethylated DNA derivatives under their in vivo and In vitro conditions 
were similar. These investigators found that EMS ethylated nucleophilic 
base positions of DNA in the following order; 7-ethyl guanine (75-81%)> 
3-ethyl adenine (2.2-4.4%) >  1-ethyl adenine; 7-ethyl adenine (2%) >
3-ethyl guanine; 3-ethyl cytosine; O^-ethyl guanine (less than 1%).
A substantial amount of the total alkylation (8-13%) was Isolated 
as ethyl phosphate derivatives indicating that many DNA phosphodiesters 
react with EMS to form deoxyribophosphotriesters. This is in agreement 
with observations made by other investigators (Lawley, 1974b; Bannon 
and Verly, 1972; Shooter, at al^ ., 1974a and 1974b; Verly, 1974).
Bannon and Verly (1972) reported that 15% of the total EMS alkylation 
in DNA is in the form of ethylated DNA phosphates. Shooter et al.,
(1974b) observed that 15% of the EMS-induced alkylations in the RNA 
phage R17 was also in the form of phosphotriesters.
Mutagenic EffectB of Alkylated DNA Products
Since 7-alkyldeoxyguanosines ionize approximately 100 times faster 
than deoxyguanosine at pH 7.0, it was suggested that mutations might 
arise if the ionization of tautomeric shifts caused pairing errors 
during DNA replication (Lawley and Brookes, 1961). Such events would 
be expected to cause transition type mutations. Genetic evidence from 
prokaryotes tends to support this hypothesis for the induction of 
mutations (Kreig, 1963; Tessman et al., 1964). The majority of muta­
tions induced by ethylation in prokaryotes are transitions and most of
11
the transitions Involve base pair substitutions of G:C— *A:T In the 
double stranded DNA (Kreig, 1963) and G— **A In single-stranded DNA 
(Tessman et al., 1964).
Evidence from In vitro RNA polymerase systems using nucleotide 
templates that contain 7-methyl guanine Indicates that the alkylated 
guanyllc acid pairs normally with cytosine and that it mlspaired no 
more frequently with uracil than does unmodified guanyllc acid (Ludlum, 
1970; Gerchman and Ludlum, 1973). Thus, alkylation of the N-7 position 
of guanine does not appear to effect its pairing properties and may 
not be the prime contributor of the transition mutations observed. 
Gerchman and Ludlum (1973) observed that use of polynucleotide templates 
containing 0^-methyl guanyllc acid results in misincorporatlon of UMP 
or AMP into the product co-polymer. Furthermore, the observation that 
cytosine (the normal pairing partner of guanine) does not block this 
misincorporatlon indicated that cytosine is not a normal base pairing 
partner for the O^-methyl guanyllc acid and that 0^-alkyl guanyllc 
acid may not have the same pairing properties as guanyllc acid. Thus, 
alkylation of DNA sites which are less reactive to alkylating agents 
may actually be more important for the induction of transition mutations 
than alkylation of the N-7 position of guanine.
While alkylation of the N-7 position of guanine may not be an im­
portant direct cause of mutations it may play a significant role by 
inducing promutagenic events which can be converted to mutagenic events. 
Lindahl and Nyberg (1972) have estimated that under normal physiological 
conditions (pH 7.5; 37°C) the rate constant for hydrolytic depurination 
of non-alkylated native DNA is 3 x 10”^  sec“l (1.8 x 10“^min“l).
Brookes and Lawley (1963) have calculated that the rate constants for
12
hydrolysis of N-7 methylated and N-7 ethylated deoxyguanylic acid in 
aqueous solutions are 7 x 10”^min"^ and 6 x lO-^ min"^-, respectively,
Lawley (1975) estimated that in DNA at pH 7.0 the half-life for 7- 
methyl guanine is 150 hrs and the half-life for 3-methyl adenine is 
30 hrs. Using these estimates Strauss et al., (1975) has calculated 
that the hydrolysis constants for loss of 7-methyl guanine and 3-methyl 
adenine from alkylated DNA are 7.7 x 10” t^nin”  ^and 3.8 x 10“^mln“^t 
respectively. Assuming the sites of the major reaction products 7- 
methyl guanine and 3-methyl adenine are the most frequently depurinated 
sites, Strauss et al., (1975) calculate that the overall rate constant 
for depurination is 1.84 x 10"^min_1. Since the ethylated reaction 
products are slightly more stable than the methylated products (Strauss 
and Hill, 1970) the hydrolysis rates for 7-ethyl guanine and 3-ethyl 
adenine and the over all depurination rate of these major EMS reaction 
products from DNA should be slightly slower than those for the methylated 
products. However, assuming their rate constants have the same order of 
magnitude as those of the methylated bases, the over all depurination 
rate for the ethylated products should be substantially larger than that 
calculated for non-alkylated native DNA.
A number of potentially mutagenic events could occur if apurinic 
DNA sites persist to the S-phase of the cell cycle. Apurinic sites 
might be ignored during DNA synthesis resulting in base pair deletions, 
and/or frameshift mutations. Alternately, the DNA systhesizing mecha­
nism may select a base at random and insert it into the new DNA strand 
at the point opposite the apurinic site in the template strand (Fishbein 
et al., 1970). This event could lead to base pair substitution of 
either transition or transversion type. Depurination leaves an unstable
13
deoxyrlbose residue which can undergo spontaneous or enzymatic hydroly­
sis and result in single-strand breakage of the DNA chain (Lindahl and 
Anderson, 1972). In vivo DNA apurinic sites are converted to single­
strand breaks by endonucleases which are specific for apurinic sites 
(Verly, 1975; Strauss et al., 1975; Klrtikar and Goldthwait, 1974).
Such lesions if left unaltered could be converted to chromosome aber­
rations and/or dominant mutagenic events during the next round of repli­
cation (Margison and O'Conner, 1973; Bender, et al.. 1974).
It has been proposed that formation of alkyl phosphotriesters 
through the reaction of nucleic acid phosphodiesters and alkylating 
agents could have serious biological effects (Ross, 1958; Freeze, 1963). 
In nucleic acids phosphotriesters should be less stable than phospho­
diesters and should lead to hydrolysis of sugar-phosphate bonds intro­
ducing single-strand breaks into the nucleic acid structure. Bannon 
and Verly (1972) have shown that in bacteria, EMS and MMS have approxi­
mately the same toxicity; however, when EMS is reacted with DNA 15% of 
the total alkylations are alkylated DNA phosphates, while with MMS 
only 1% of the total alkylations occur on the phosphates. The same 
authors present evidence that phosphotriesters resulting from alkylation 
of DNA with EMS are very stable and remain intact after heating at 100°C 
for 90 min at pH 7.0. This evidence indicates that phosphotriesters 
formed in double-stranded DNA are stable and are probably not converted 
either enzymatically or chemically into single-strand breaks (Verly, 
1974; Lawley, 1974a). Phosphotriesters formed in reactions with DNA 
probably do not contribute significantly to the mutagenic activity of 
EMS.
Shooter et al., (1971) have observed that RNA bacteriophages are
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more sensitive to Inactivation by monofunctional alkylating agents than 
are bacteriophages containing double-stranded DNA. Phosphotriesters of 
ribonucleotides readily hydrolyze at pH 7.0 at 37°C and this may account 
for the increased susceptibility of RNA phages to the monofunctional 
agents (Shooter, et^  al., 1971, 1974a and 1974b). BNA phosphotriesters 
can hydrolyze in one of two ways: 1) loss of the terminal part of the
BNA molecule leaving a chain break or 2) simple loss of the alkyl group 
leaving the BNA chain intact (Shooter, et al., 1974b; Freeze, 1963).
Thus formation of phosphotriesters in BNA phages may not in itself be 
a lethal or mutagenic event. Its biological effect may well depend on 
the manner in which it is hydrolyzed.
Enzymatic Becognltion and Bepair of Alkylated DNA
Strauss and Robins (1967) found that DNA methylated jba vitro by 
the monofunctional alkylating agent MMS acts as a substrate for a 
specific nuclease activity from Micrococcus lysodeikticus crude extracts.
This enzymatic activity produced single-strand breaks in the DNA strand 
which contained the methylated base and it had no effect on non-alkylated 
DNA. These authors suggest that perhaps two separate enzymes are active 
in the extracts. One enzyme recognizes and removes methylated bases 
while the second enzyme acts at apurinic sites to produce single-strand 
breaks.
Other investigators (Kirtikar and Goldthwait, 1974; Lawley and Orr,
1970; Margison and O'Connor, 1973; Lawley, 1973) also have provided evi­
dence for the existence of intracellular enzymes which remove certain 
methylated bases and cause single-strand breaks at apurinic and possibly 
apyrimidinic sites. Lawley and Orr (1970) reported a rapid in vivo
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removal of 3-methyl adenine and O^-methyl guanine from methylated DNA.
The loss of these bases occurred faster than could be accounted for by 
chemical hydrolysis and the authors suggested that an excision type 
mechanism might account for this rapid removal. Marglson and O'Connor 
(1973) working with in vivo rat systems found that alkylated DNA In rat 
liver cells lost 3-methyl adenine much more rapidly than purified alkyl­
ated DNA incubated in vitro at physiological pH. They also proposed 
that enzymatic excision might account for the rapid loss of this modified 
base.
Kirtikar and Goldthwait (1974) presented evidence that highly puri­
fied E. coli Endonuclease 11 in vitro was capable of breaking phospho- 
diester bonds in methylated DNA and releasing 3-methyl adenine and 0®- 
methyl guanine. Verly and Rassart (1975) isolated a highly purified E_. 
coli endonuclease which specifically breaks DNA at apurinic sites but 
does not act on methylated bases. Considering these findings Kirtikar 
and Goldthwait (1974) and Verly and Rassart (1975) suggested that 
Endonuclease 11 might consist of two enzymes, one for depurination and 
the second for breaking phosphodiester bonds.
Endonucleases which specifically recognize apurinic sites as sub­
strate have been isolated from bacteria, plants and mammals (Verly and 
Rassart, 1975; Verly et al., 1973; Lindahl and Andersson, 1972; Ljungquist 
and Lindahl, 1974; Verly and Paquette, 1973). These enzymes cause single- 
strand breaks by hydrolyzing phosphodiester bonds near each apurinic 
site. Verly (1975) has shown that these enzymes are specific for DNA 
containing apurinic sites and that they do not hydrolyze intact DNA or 
DNA which contains only alkylated sites. Verly et al., (1974) have 
studied the effect of incubating labeled denatured depurinated T7
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collphage DNA for 3 hrs at 37°C with an E. coll endonuclease specific 
for apurinic sites, 12. coli DNA polymerase 1, TA DNA llgase and a 
mixture of the A nucleoside triphosphates In Tris-Mg buffer. By the end 
of the Incubation time both the number of apurinic sites and DNA breaks 
had decreased. Thus, In this in vitro system the apurinic sites were 
nearly all repaired. Omission of any of the three enzymes, but especial­
ly the endonuclease reduces the repair of the apurinic sites. Since an 
endonuclease for apurinic sites is observed in organisms of three king­
doms and can participate in an enzymatic in vitro repair of apurinic 
sites, these authors suggest that this endonuclease is a normal repair 
enzyme involved in maintenance of DNA structure in the cell. The fact 
that the endonuclease hydrolyzed the phosphodiester near apurinic sites 
and the fact that DNA polymerase 1 and DNA ligase are required for in 
vitro repair of apurinic sites suggests that repair could occur by means 
of an excision repair system. Certain excision repair systems are known 
to be error-prone (Witkln, 1975; Grossman, 1975) and if a repair process 
initiated by apurinic sites is error prone then increasing apurinic 
sites by alkylation of bases could indirectly lead to base pair error 
and increase the mutation rate.
Boyd and Presley (197A) studied repair replication of DNA in first 
instar larvae of Drosophila melanogaster using isopycnic centrifugation 
techniques. Larvae were pretreated with BUdR, FUdR, penicillin and 
Fungazone CBUdR labels the DNA, FUdR inhibits the activity of thyml- 
dylate synthetase, and Fungazone enhances the uptake of BUdR). The 
larvae were maintained on non-nutritive media to inhibit semi-conserva­
tive DNA replication and fed MMS or EMS in the presence of 3H-BUdR.
Both MMS and EMS stimulated repair replication as indicated by an un-
scheduled non-semlconservatlve Incorporation of %-BUdR Into DNA of the 
treated larvae. This repair replication was Insensitive to caffeine 
and hydroxyurea both of which are Inhibitors of semi-conservative syn­
thesis. Whether this repair replication Involves an endonuclease spe­
cific for apurlnic sites or enzymes which identify alkylated bases has 
not yet been determined. However, cultured cells from certain MMS- 
sensitlve mutant strains of Drosophila are also deficient for normal 
enzymatic UV-induced excision repair and apparently have a reduced 
ability to repair endonuclease sensitive sites (Boyd, et al., 1976;
Boyd and Setlow, 1976). This suggests that some enzymes may recognize 
both alkylated and UV-altered DNA sites as substrates. Other MMS sen­
sitive strains have been found to be deficient for a normal post- 
replicatlon repair (Boyd, et al., 1975a and 1975b).
Sega (1974, 1976) observed that intratestlcular Injections of EMS 
with (250 mg/kg body weight) Induced unscheduled DNA synthesis in 
various germ cell stages In male mice. This Induced synthesis was de-
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tected by the unscheduled uptake of H-dT into DNA and occurred in cell 
stages ranging from early to mid-melotic prophase through early to mid­
spermatid. EMS-induced unscheduled DNA synthesis was not observed in 
late spermatids. If the unscheduled DNA synthesis observed in early 
germ cell stages was the result of an enzymatic repair system, maturing 
spermatids, which undergo a number of physiological changes may lose 
the enzymes necessary for unscheduled synthesis and might not exhibit 
this ability. As spermatids mature arginine-rich replace lysine-rich 
histones in the nucleoprotein complex and the DNA becomes tightly colled 
perhaps the DNA of the late spermatid is too tightly coiled to be sus­
ceptible to enzymatic action, thus preventing unscheduled DNA synthesis.
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Repair synthesis stimulated by treatment with alkylating agents has 
been reported in a number of different mammalian systems (Regan and Setlow, 
1973; Roberts, et al., 1968 and 1971; Higgins at al., 1976; Ayad et al., 
1969; Buhl and Regan, 1973; Scudiero, 1975). Roberts et al., (1968 and
1971) have observed that the level of repair replication in HeLa and 
Chinese hamster cells after treatment with MMS or EMS is directly pro­
portional to the overall level of DNA alkylation. Comparing the results 
of experiments on loss of labeled methyl groups from alkylated DNA with 
those showing the absolute amount of 'repair synthesis' these authors 
estimate that for every alkyl group lost from DNA approximately 104 
nucleotides are incorporated as a result of repair synthesis. Regan and 
Setlow (1973) have observed EMS-induced repair replication in tissue 
cultures of human skin fibroblasts and report that only two to three 
nucleotides are incorporated per lesion. Scudiero et al., (1975) have 
also observed that only a few nucleotides per lesion are incorporated by 
repair replication. Perhaps mammalian cells in general resemble bac­
terial cells which appear to have at least two types of excision repair 
systems (Wltkin, 1975; Grossman, 1975). One type causes excision and 
replacement of long stretches of DNA while the second repairs by the 
replacement of much smaller regions of the DNA. Different mammalian 
cells could contain the information for several repair systems but pre­
ferentially use only one for repair.
A Statement of the Problem
The mutation spectrum induced by EMS in Drosophila has several 
characteristics which must be considered when attempting to understand 
the mutation mechanism. First, the induction of mutations is stage
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specific with the highest frequency of Induced mutations occurring when 
late spermatid and spermatozoa stages are treated (Fahmy and Fahmy,
1957 and 1961; Alderson, 1965; Epler, 1966; Jenkins, 1967a and 1967b).
Second, exposure of males to 25 mM EMS Induces a high frequency of 
alkylatlons in spermatozoa (1.4 x 10-2 alkylations per nucleotide or 
1.4% of the nucleotides are alkylated), yet only 43% of the treated 
X-chromosomes have mutagen-induced sex-linked recessive lethal mutations 
(Aaron and Lee, 1978). Third, a high proportion of the mutations induced 
by EMS sperm treatment appear in mosaic progeny indicating that the fix­
ation of these mutations does not occur Immediately at the time of sperm 
treatment but is delayed until the first or second mitotic division in 
the embryo (Jenkins, 1967a and 1967b; Epler, 1966; Alderson, 1967; Lee 
eit al., 1970). Fourth, there appears to be a time dependent increase in 
the frequency of chromosome aberrations when EMS treated sperm cells are 
stored over a 12 day period (Abrahamson et al., 1969; Sram, 1970a and 
1970b; Schalet, 1977).
Work with many organisms has provided evidence for the existence of 
cellular enzymes which can recognize and remove alkylated bases in vivo 
leaving apurinic or apyrimidlnic sites (Strauss and Robins, 1967;
Kirtikar and Goldthwait, 1974; Lawley and Orr, 1970; Margison and 
O'Connor, 1973). Alkylated DNA bases are hydrolytically removed from 
treated DNA faster than are non-alkylated bases and the hydrolytic loss 
of bases from DNA also produces apurinic or apyrimidlnic sites (Lawley 
and Brookes, 1963; Lindahl and Nyberg, 1973). A second type of enzyme 
(an endonuclease) which recognizes these apurinic or apyrimidlnic sites 
and converts them to single-strand breaks has been isolated from bacteria, 
plants, and mammals (Verly and Rassart, 1975; Verly et al., 1973; Lindahl
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and Andersson, 1972; Ljungquist and Lindalh, 1974; Verly and Paquette,
1973). Endonucleases of this type have been shown to participate in in 
vitro repair of DNA carrying apurinic sites (Verly at al., 1974). 
Methylation and ethylation of DNA stimulates the in vivo unscheduled
DNA synthesis in Drosophila larvae mitotic cells (Boyd and Presley, 1974) 
and male mice germinal cells (Sega, 1974 and 1976). Unscheduled DNA 
synthesis in mice germinal cells occurs only in stages treated prior to 
the late spermatid and apparently does not occur in those cell stages 
which are most sensitive to induction of dominant lethal mutations (Sega,
1974). In Drosophila some strains which are EMS and MMS sensitive have 
also been found to be deficient for specific enzyme activities that are 
required for repair functions (Boyd and Setlow, 1975; Boyd et_ al., 1975).
It is possible that the various aspects of the EMS mutation spectrum 
in Drosophila described in the first paragraph of this section could re­
sult from the function or lack of function of a cellular mechanism capable 
of recognizing, removing and repairing ethylation damage of DNA. The 
stage specificity observed in Drosophila could result from the inability 
of a repair system to function during certain critical stages of spermio- 
genesls. Those cells which are most sensitive to EMS (late spermatids 
and spermatozoa) are undergoing or have undergone the morphological, 
physiological and metabolic changes which transform spermatids into 
spermatozoa (Cooper, 1965; Das et al., 1964a and 1964b; Olivieri and 
Olivieri, 1965; Brink, 1968). These changes could result in Internal 
environmental changes which effect the functioning of repair enzymes or 
the loss of the enzymes themselves. Either situation could result in 
an accumulation of alkylations and/or alkylation damage on the sperm 
DNA. The observation that a high level of DNA alkylation on sperm cell
21
DNA is relatively inefficient in inducing sex-linked recessive lethals 
(Aaron and Lee, 1978) might also result from the action of a removal 
mechanism which functions after fertilization in the embryo to remove 
and repair alkylated DNA. The enzymes, if any, involved in this em­
bryonic system could come from sperm or ovum. The fact that a large 
proportion of the EMS-lnduced mutations are mosaic in nature could 
also be accounted for by an embryonic repair system which functions 
during the first few mitotic divisions to remove alkylations from the 
embryonic DNA.
If Drosophila melanogaBter has the capability of removing alkylated 
DNA products this removal ability should be detectable through use of 
appropriate radiolabeling techniques. The remainder of this disserta­
tion describes and discusses the results of a series of double- 
radiolabellng experiments designed to investigate the existence of 
such a removal system in Drosophila melanogaster embryos and sperm 
cells.
METHODS AND MATERIALS
The sex chromosome complement of the normal Drosophila male and 
female genomes consists of a free X- and a free Y-chroraosome, and two 
free X-chromosomes, respectively. Normally the X-chromosome consists 
of a long left arm (XL), a centromere and a minute right arm (XR). The 
normal Y-chromosome consists of a long arm (Y^), a centromere and a 
short arm (Y&) and carries two sets of factors necessary for male fer­
tility. The first set of male fertility factors (KL) is on the YL and 
consists of five dstrons (kll-kl5), while the second set (KS) Is on the 
Ys and consists of two fertility genes (ksl and ks2). Loss of the en­
tire Y or either of the Y arms or even any one of the male fertility 
genes results in male sterility. However, rearrangement of the Y- 
chromosome without loss of any part of it does not effect the fertility 
of males. The X- and Y-chromosomes each carry a normal allele for the 
production of rlbosomal RNA. This locus located near the centromere 
of either chromosome is designated the bobbed locus (bb). Genomes that 
are deficient for the bobbed locus are genetically imbalanced and in- 
viable (Lindsley and Grell, 1972).
Mating Scheme for the Males
The mating scheme for the production of the males used in these 
experiments is illustrated in Figure 1. Males of one stock (£) which 
carry a genetic rearrangement of sex-chromosomes are crossed to females 
of a second stock (D) that carry a different rearrangement of the sex- 
chromosomes. In stock £  males the short arm of the Y-chromosome is
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C males ^ D females
R(Y)L,bb~/X-Ys, In(I)EN2,f bb+ YL-scsl,y+ac+bb+/ C(I)DX,y f bb~
Female gametes
Male gametes Y^•scsl,y+ac+bb+ C(I)DX,y f bb-
R(Y)L,bb-/ R(Y)L, bb-/
R(Y)L,bb” yl*. sc®!, y+ac"h>b"*" C(I)DX,y f bb“
(Nullo-X) (bobbed deficient)
INVIABLE INVIABLE
X-YS, In(I)EN2, f bb+/ X.YS, In(I)EN2» f bb+(
X*Ys,In(I)EN2,f bb+
Yl‘.scsliy+ac+bb+ C(I)DX,y f bb“
(Balanced genome) (Triplo-x)
viable fertile male INVIABLE
Figure 1. Mating scheme for the production of only fertile CD male embryos.
attached to the X-chromosome (X*YS) and the two ends of the long arm of 
the Y-chromosome are joined to form a circular Y-chromosome, the 
R(Y)L. The R(Y)L chromosome Is deficient for the bobbed locus (bb-). 
The two X-chromosomes In the stock D_ females are joined at the centro- 
merlc ends to form a single tandem reversed acrocentric X-chromosome, 
(C(l)DX) which is deficient for the bobbed locus (bb~). To balance 
this deficiency the stock D genome contains a free YLasc8^ chromosome 
that carries a bobbed locus (bb+) and consists of a YL attached to a 
small piece of the X-chromosome.
Four embryonic genotypes are possible when stock JC males are mated 
to stock D females (Figure 1). Because of the meiotic segregation of 
the rearranged sex-chromosomes in the parental flies only male embryos 
are genetically balanced and capable of producing viable fertile pro­
geny. Two of the embryonic genotypes are inviable because they contain 
sex-chromosome Imbalances (triplo-X and nullo-X embryos), while a third 
genotype Is inviable because it is bobbed deficient (bb-).
Mating Scheme for the Females
The virgin females used In these experiments were produced accord­
ing to the scheme illustrated in Figure 2. Stock F males which have a 
normal Y-chromosome and a complete but rearranged X-chromosome are 
mated to stock () females which have two complete but rearranged X- 
chromosomes each of which carries one sex-linked recessive lethal 
mutation (Lee, et al., 1972). The recessive lethals (l(l)Jl and 1) 
carried on the two X-chromosomes of the female are non-allelic and do 
not effect the viability of the stock () female.
Four embryonic genotypes are produced as a result of this cross
F males X 0 females
In (I) dl-49-t-BM1, ^ a c v  B*11/ Y X-Ys,In(I)dl-49 + scJ1, 1(1) J1 £s v I  B /
In(I)sc8 ,sc8 I B
Female gametes
X-Ys,In(I)dl-49 + scJ 1 In(I)sc8 ,sc8 1 B
Male gametes 1(I)J1 ys v f B
Y/X.YS, In(I)dl + scJ1, Y/In(I)sc8 .sc8 1 B
Y 1(I)J1 vs v f B
Hemizygous lethal Hemizygous lethal
INVIABLE INVIABLE
In(I)dl-49+BM1, y ac v BM1/ In (1) dl-49+B*11, j ac v B1*1/
In(I)dl-49 + B111, X-YS, In(I)dl-49 + scJl, In(I)sc8 ,sc8 1 B
£  ac v B^- 1(I)J1 ys v f B
VIABLE VIRGIN VIABLE VIRGIN
Figure 2. Mating scheme for the production of £  virgins.
M
In
Sterilizer male X Oregon-R virgin
R(Y)L/X.YS x/x
Female gametes 
X
Male gametes
R(Y)L/X n
R(Y)L
(Deficient for Ys)
STERILE MALE
X.YS X.YS/X 
FERTILE FEMALE
Figure 3. Mating scheme for the production of wild-type automatic virgins.
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(Figure 2). The two male embryonic genotypes (X/Y) each receive a 
lethal bearing X-chromosome from the maternal genome and since they are 
hemizygous for the X-linked recessive lethal these embryos are Inviable. 
The other two embryonic genotypes (X/X) are viable since the lethal on 
the maternal X Is balanced with a normal allele carried on the paternal 
X. The viable embryos produce females and since there are no males 
these females are all virgin. The females produced by this cross are 
given the designation £  virgins. Both genotypes were used In the 
following experiments.
Wild type automatic-virgin females are produced in large numbers 
by crossing small numbers of normal Oregon-R (wild type) females to 
sterilizer (R(Y)L/X*y S) wild type males. As illustrated in Figure 3 
all male progeny resulting from crosses of Oregon-R virgins to R(Y)L/X»Y^ 
males are sterile because they lack the Ys portion of the Y-chromosome 
and its associated fertility factors. Therefore, the females produced 
from this cross are automatically virgin.
32p Labeling
Stock D females that had been inseminated by stock C males were 
placed on 32p-labeled medla in 1-pint glass milk bottles and were 
allowed to deposit eggs over a four-hour period. Each glass bottle 
contained 50 ml of a corn-meal agar media plus approximately 300 ft Ci 
of 32p, The 32p was incorporated into the media in the form of carrier- 
free H3 3 2PO4 (New England Nuclear) and the final 32p concentration of 
the media was approximately 6 /<Ci/ml. of media.
The CD larvae which hatched from these eggs were maintained on 
the 32p_iabeled media until they became third instars, at which time
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the larvae were floated off the 32p^medla with a 30% sucrose solution 
and washed with room temperature water to remove any ®^p media which 
might have been carried over during the floating procedure. The washed 
larvae were placed on non-radloactlve media and allowed to develope with­
out further disturbance into adult male flies. In this way the DNA 
of the CD males is randomly labeled with ®^p so the radioisotope can 
be used as a marker nuclide to detect sperm-derived DNA in sperm and 
embryo DNA extracts.
The number of ®^p atoms per sperm DNA * the number of ^ P  dpm per 
sperm cell/the decay constant for 32p. The number of dpm per sperm cell 
estimated for each embryo sample ■ dpm 32p in the DNA extract of the 
sample/the number of embryos per sample corrected for fertility 
(Appendix I and Table VIII). Since polyspermy is a rare event in 
Drosophila melanogaster (Hildreth and Lucchesi, 1963) the denominator 
estimates the number of labeled sperm cells which contributed 32p to 
the sample. The mean number of ®^p atoms per sperm cell DNA estimated 
using the samples from all experiments (Appendix 11 and Table 1) is 
1413. Since there are approximately 3 x 10® nucleotides per Drosophila 
sperm DNA (Laird, 1973) this level of labeling is equivalent to
4.7 x 1 0 “ 6 32p atoms per nucleotide.
®H-EMS Treatment of CD Males
Four-day old adult ®^P-labeled CD males were treated with a tri- 
tiated form of the alkylating agent ethyl methanesulfonate (®H-EMS).
The ®2p-labeled males were exposed to the 3h-EMS by one of two methods;
1) a sucrose feeding method or 2) a vapor treatment method. Two forms 
of the ®H-EMS were used in this series of experiments. Ethyl-2-®H- 
methanesulfonate ([1-®H]EMS) was obtained from New England Nuclear
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(Lot #599-183) at a specific activity of 355 mCi/mM and was used In 
two of the feeding experiments. Ethyl-l-^H-methanesulfonate ([1-3h ]EMS) 
was obtained from New England Nuclear (Lot #816-209) at a specific 
activity of 6100 mCl/mM and was used In one feeding experiment and In 
the three vapor treatment experiments. Radiochemical purity was veri­
fied by showing that the labeled compound co-chromatographed with un­
labeled EMS In the gas chromatograph (Aaron and Lee, 1978). The tritium 
label in the %-EMS was verified as being only on the ethyl group by 
showing that the only labeled hydrolysis product co-chromatographed with 
ethanol In the gas chromatograph (Aaron and Lee, 1978). The tritium 
labeled ethyl group could then be detected in DNA extracts from sperm 
and embryos.
The %-EMS was stored in dry ether to prevent radloautolysis and 
prepared for feeding by the method of Aaron and Lee (1978). A modifi­
cation of the feeding method of Lewis and Bacher (1968) using glass 
filter supports (Aaron et al., 1977) was used to expose 32p_iai,eied cd 
males to the %-EMS. Pieces of glass filter (7cm x 6cm) which are con­
tained in glass vials (9 cm x 2.5 cm) are impregnated with ^H-EMS dis­
solved in a 1% sucrose solution. Fifty ^P-labeled males are placed 
in each feeding vial and allowed to imbibe the ^h-EMS solution for 24 
hours. Three feeding experiments were conducted. In two of the experi­
ments the males were exposed to 12.2 mM [2-%]EMS (specific activity,
355 mCl/mM) per vial. In the third experiment the males were exposed
to 0.38 mM [1-^H]EMS (specific activity, 6100 mCi/mM) per vial. Using 
the log-exposure-log-dose relationship given in Aaron and Lee (1978) 
an EMS exposure level of 0.38 mM is equivalent to a dose of 7.5 x 10”^
ethylations per nucleotide on the DNA.
The apparatus and method described by Aaron et al. (1977) (Appendix 
III) was used to expose large numbers of ^^P-labeled CD males (500-1000) 
to [1-%]EMS vapor. ^^P-labeled males were placed in a 250 ml vaccuum 
flask and exposed to EMS vapor from 0.2 mg ^H-EMS (10 mCl). This level 
of exposure gives a 6 .0% mutation frequency in genetic tests for sex- 
linked recessive lethals (Aaron et al ., 1977). Using the sex-linked 
recessive lethal frequency as a 'secondary dosimeter1 the mutation 
frequency can be converted to dose in terms of alkylation per nucleo­
tide. The dose-response curve of Aaron and Lee (1978) Indicates that 
a 6 .0% sex-linked recessive lethal frequency is equivalent to a dose of
6.7 x 10^ ethylations per sperm cell. Considering that there are ap­
proximately 3 x 10® nucleotides per sperm cell (Laird, 1973) this dose 
is equivalent to 2.2 x lO"^ ethylations per nucleotide.
Sperm and Egg Sampling
The 3h-EMS treated males were placed on non-radioactive media and 
allowed a 24 hour recovery period. Following the recovery period the 
treated males were mated to virgin females in a ratio of one male to 
five females. After the three day mating period the inseminated females 
are separated from the treated males and are used for the collection of 
sperm and egg samples.
An inseminated female stores the sperm transferred from the male 
in her seminal receptacle. Samples of sperm cells are obtained by 
removing the receptacles from a random sample of the inseminated fe­
males. The receptacles are dissected from the females into 0.1 standard 
saline citrate (SSC) and Immediately frozen over dry ice on a small 
(0.5 cm x 0.5 cm) piece of glass filter. The dissected receptacles are
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stored In the cold (-25° C) until DNA extraction.
Egg samples are collected using specially designed egg collecting 
chambers. The egg collecting chambers consist of eight-ounce plastic 
disposable beer glasses, squares of black sheath cloth (6.5 cm x 6.5 cm) 
and three cm pieces of plastic tubing (1.3 cm O.D.; 1.0 cm I.D). The 
plastic glasses are modified by cutting off the tip end of the neck and 
the upper four cm of the vessel. A piece of black sheath cloth is 
stretched over the mouth of the modified plastic glass and secured in 
place with a small rubber band. The inseminated females arc divided 
into groups of 250 to 500 flies and each group is placed in a separate 
collecting chamber. Two identical collecting chambers are used for each 
group. One chamber is used to hold the flies when they are not being 
used for egg collection, while the second chamber is used when the flies 
are forced to deposit eggs. The plastic tubing is used to connect the 
open neck end of the holding chamber with the open neck end on the 
collecting chamber. The females are then shaken into the collecting 
chamber and subjected to an anesthetizing dose of carbon dioxide gas. 
Under these conditions an egg held in the uterus is released from the 
vagina. As an egg passes through the uterus it is penetrated by a sperm 
cell and thus released from the vagina as a newly fertilized egg (Miller, 
1965). Once the females have deposited the eggs they are shaken back to 
the holding chamber and maintained on media with yeast supplement. The 
time lapse between anesthetizing the females and removal of the females 
is approximately five minutes. Therefore, when the females are removed 
from the collecting chamber, the eggs deposited on the cloth will range 
in age from 0 to 5 minutes.
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The female flies deposit the eggs on the black sheath cloth and 
the walls of the collecting chamber. The black sheath cloth is carefully 
removed from the chamber and spread over a glass funnel. The eggs along 
the chamber wall are then washed onto the cloth with room temperature 
water. The number of eggs in each sample are counted under a dissect­
ing microscope and then the eggs are allowed to develop at 25° C to the 
desired embryonic stage. When the embryos in a sample reach the proper 
embryonic stage as determined by the timed schedule of Rabinowitz (1941), 
development is stopped by transferring the embryos to a square piece 
(4.0 cm x 4.0 cm) of polyethylene and freezing them in 0.1 x SSC on a 
block of dry ice. Prior to freezing, embryos from each embryonic stage 
sampled were selected at random and cytologically prepared to verify the 
embryonic stage and determine the percent of embryos retained from stage 
to stage. The remaining embryos were stored at -25°C until DNA extrac­
tion. During the DNA extraction embryo samples stopped at the same 
stage of development were pooled to form larger samples of 1000 to 3000 
embryos.
The cytological samples were prepared in the following manner.
Eggs were dechorionated by placing them in a 1% Chlorox solution and 
gently brushing the chorion with a small (number 000) brush. The de­
chorionated eggs were placed on microscope slides (4 eggs/slide) and 
squashed in the presence of aceto-orcein stain (Oster and Balaban, 1963) 
under a thin (No. 0) cover glass. The cover glass was sealed to the 
slide with a clear finger nail polish. The preparations were allowed 
to stain at least a week before they were cytologically examined.
DNA Extraction Procedure
High molecular weight DNA was extracted from the sperm and embryo
samples by the enzymatic-phenolic extraction procedure described by 
Aaron and Lee (1978). By measuring the removal of ^C-arginine this 
extraction procedure has been shown to remove more than 99% of the pro­
tein associated with the DNA (Aaron and Lee, 1978). Blank samples of 
DNA from non-labeled embryos and sperm were extracted to provide a 
means to accurately determine the background counts for the DNA cock­
tails. The purity of the extracted resuspended DNA dissolved in 0.1 x 
SSC was determined by measuring its UV-absorbance spectra using a Beck­
man Model DB-6T spectrophotometer. The absorbance of the 1 ml DNA 
solutions was measured versus a blank of 0.1 x SSC at wave lengths be­
tween 240 and 300 nm.
The amounts of and 32 p in each DNA sample was determined by 
liquid scintillation counting in a Packard Tri-Carb model 3320. The 
instrument has three counting channels (channels A,B,C) and was cali­
brated to give maximum %  efficiency in the A channel and maximum 32p 
efficiency in the C channel. The DNA extract of each sample was trans­
ferred to a counting vial. Ten ml of instagel counting cocktail (Pack­
ard) is added to each DNA sample and the contents of the vial were 
shaken to insure uniform dispersion of the extract. The cocktailB were 
placed in the refrigerated scintillation counter and allowed to cool 
and stabilize for at least 24 hours. The radiolabeled DNA samples and 
corresponding DNA blank samples were counted in 100 minute increments 
until 1 0 , 0 0 0 counts were accumulated in both the tritium and phosphorus 
channels.
Counts per minute (cpm) were converted to disintegrations per 
minute (dpm) by correcting for background counts, spillover between
channels, machine counting efficiency, and isotoplc decay using a com­
puterized data analysis system (Aaron and Lee; 1975). Spillover between 
channels, and counting efficiency were determined by the Internal 
standardization method. The phosphorus counts were standardized for de­
cay and spillover by adding aliquots (3.0 x lO" 3 mCi) of the labeled 
phosphoric acid solution originally used to make the labeled media.
Since the radioactive phosphorus in the sampled DNA and the original 
phosphoric acid solution have decayed to the same extent, this phosphoric 
acid internal standard has the same proportion of ^3p to 32P for decay 
and spillover correction as the DNA sample. The phosphorus counts were 
standardized for efficiency by adding aliquots (3.0 x 10“^ mCi) of a 
32p certified standard (New England Nuclear).
The tritium counts were standardized by adding aliquots (approxi­
mately 3.0 x 10”5 mCi) of a ^H-hexadecane certified standard solution 
(Amersham-Searle).
The determination of true cpms in a counting channel due to a par­
ticular isotope required an adjustment for spillover between channels; 
i.e., counting shifts from one isotope into a channel counting another 
isotope. The spillovers are computed using the equations:
1) Spill over A— ► C - - %  counts in channel C
JH counts in Channel A
2) Spill over C— ►A - ft32P - 32P counts in Channel A
^2P counts in Channel C
The correction in each channel for spill over is made using the 
equations:
3) True %  counts - (N3 - B, ) - oc32F(N32 - )/l - oi32P oc3H
H H P 3Zp
4) True 32P counts - (Nq« - B „  ) -q?H(N3 - B« )/l - oc32P
P JZP H il
Where; N - counts per minute and B - background counts per minute.
The true cpm due to a particular isotope are converted to dpm using 
the equation:
5) dpm ■ v ,cPm---------------------  —
(counting efficiency) (Isotope decay coefficient)
The half-life for 3H is 12.26 years. Since the decay coefficient for 
3H is 0.00015 day“l during the course of an experiment (3 months) the 
3H decay was minimal and for correction purposes was zero. 32P has a 
half-life of 14.22 days and a decay coefficient of 0.04873 day“l. 
Therefore a decay correction must be made when computing 32 P dpm be­
cause a considerable amount of 32P is lost during the course of an 
experiment. The H and counts in each sample were corrected for 
decay back to the day of 3H-EMS treatment.
The analysis of the counts on a series of certified sealed stan­
dards (Packard Instruments) provided an independent determination for 
the consistency of the efficiency of counting and spillover ratios for 
the liquid scintillation counter. These sealed standards were counted 
along with the DNA samples from the initial counting of the samples to 
the completion of the internal standardizations. The sealed standard 
series consisted of a sealed blank; unquenched samples of 3H, and 
3®C1 ; and quenched samples of -^C. Thus, the consistency of performance 
for the liquid scintillation counter could be checked over a wide range 
of energy levels.
Statistical Analysis Baaed on Experimental Variance
A two-way analysis of variance using the F-test was performed on 
the ^H/^p ratios derived from the DMA extractions. The ratios are 
compared using a randomized block design to test the null hypothesis 
that there is no significant difference in variance due to treatment 
effects. The treatments in each comparison consist of the sperm cells 
and one or several or the embryo stages. Experimental variance was 
determined as variation among the %/32p samples within replicates.
A t-test was used to analyze observed rates of reduction of % -  
ethyl groups in the DNA extracts to determine if these rates were the 
same as the rate of spontaneous hydrolytic depurination of alkylated 
DNA.
Calculation of Standard Deviations for the %/32p Ratios based on 
Sampling Error
The standard deviations based on sampling error for the %/32p 
ratios were computed in a stepwise manner. Firstf standard deviations 
based on total counting time and total counts uncorrected for decay 
were determined for the %  and ^2p counts separately. The standard 
deviations for the 3r and ^ P  counts were computed using the formula:
Jngtb2 + nbt8 (1)
Standard Deviation »----------------
tbts
where; n ■ The total counts on the sample 
’ s
n^ = The total counts on the corresponding blank
ts « The total time the sample was counted
tt, = The total time the corresponding blank was counted.
This formula was derived from the standard formula for determining the 
standard deviation based on sample counting rates:
Standard Deviation mU ^ ----------  (2)
r c8 s
where; rs ■ The counting rate of the sample
r^ - The counting rate of the corresponding blank
ts - The counting time of the sample
t^ “ The counting time of the corresponding blank,
n
Since: r - Gross counts of sample ■» 8
3
tS t8
and: rj, ~ Gross counts of blank » nb
fcb fcb
when substitution for r8 and r^ Is made, equation (2 ) can be rearranged
to yield equation (1).
In the second step the relative standard deviations for the %  
and total counts uncorrected for decay were computed by dividing 
the standard deviation based on counting time for a particular isotope 
by the counting rate for the. isotope. The relative standard deviations 
for the %/32p ratio was computed by adding the relative standard devi­
ations for the %  and ^2p counts. The standard deviation for the ^H/^P
ratio is determined by multiplying the relative standard deviation for 
the ratio by the value of the ratio.
RESULTS
Stability of Alkyl Groups in the Embryo
Six experiments were conducted to determine the stability of ethyl 
groups in the Drosophila embryo. Embryo samples were collected from 
either wild-type automatic virgins or (£ virgins that had been insemi­
nated by the %-EMS treated labeled CD males. Embryos were sampled 
at the following stages: 1) premitotic (15 minutes after deposition);
2) first mitotic division (20 and 25 minutes after deposition); 3) 
second mitotic division (30 minutes after deposition) and 4) gastrula- 
tion following cellularity of the embryonic syncytium (180 minutes after 
deposition) (Rabinowitz, 1941). In each experiment the males are mated 
for three days sequentially to two groups of females and the samples 
from these matings are designated Hating 1 for group 1 females and 
Mating 2 for group 2 females. The %/^2P ratios derived from each 
mating is labeled accordingly (Table 1).
Among the first five experiments, sperm samples and the 180 minute 
embryo (gastrula) samples are common to all experiments. Table II shows 
the F-test analysis of variance for the %/^2P ratios derived from the 
sperm and 180-minute embryo samples. The analysis was done in a rando­
mized block design where treatments were the sperm and the 180 minute 
embryos, and each experiment was considered as a separate block. There­
fore, there were two treatments, five blocks, and 19 degrees of freedom 
for the analysis. The ANOVA indicates that there was a significant dif­
ference (P<0.025) between the isotopic ratios from the sperm cells and
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fTABLE I. THE P RATIOS FROM SPERM AND EMBRYO SAMPLES FROM SIX DIFFERENT EXPERIMENTS
Sperm
Cells
Embryos 
(15 min)
Qnbryos 
(20 min)
Embryos 
(25 min)
Embryos 
(30 min)
Embryos 
(180 min)
Embryos 
(3-12 hrs) PI® P2b
Experiment l^»e
Mating 1 0.51a
(+.0 1)
-- -- -- 0 . 2 2
(±.003)
--
Mating 2 0.62
(+.0 2)
-- -- -- -- 0 . 1 0
(±.003)
-- 0.17 --
Experiment 2^*e
Mating 1 1.15
(+.07)
-- -- -- -- 0 . 1 0
(+.003)
0.08
(+.003)
Mating 2 0.39
(+.06)
— ■ -- -- -- 0 . 1 0
(+.003)
0.09
(±.003) 0.13 0.97
Experiment 3C*^
Feeding 1 
Mating 1
1.39
(±.32)
--- 0 . 1 1
(±.0 2)
--- --- 0.18
(+.0 2)
0.13
(±.0 1)
-
Feeding 2 
Mating 1
1.27
(±.17)
--- 0.16
(±.006)
--- -- 0.17
(+.0 1 )
0 . 2 2
(+.0 2)
< 0 . 0 1 0.53
TABLE I (Continued)
Sperm Embryos Embryos Embryos
Cells (15 min) (20 min) (25 min)
Experiment 4**»^
Mating 1 5.57 1.94   1.85
(+.43) (+.09) (+.08)
Mating 2 2.12 0.23   0.18
(+.08) (+.004) (+.008)
Experiment 5^>^
Mating 1 0.32 0.10   0.11
(1-09) (1.01) (1.01)
Mating 2 0.30     0.03
(1.03) (1.01)
Experiment
Day 1 0.94 0.53
(+.03) (1.05)
Day 2 0.51 0.18
(1-03) (1.02) l+
o 
i+
o
Embryos Embryos Embryos
(30 min) (180 min) (3-12 hrs) P38
1.13
(+.04)
0.18
(1.009)
0.08
(1.01)
0.04
(1.01)
.53 0.41 ---
.04) (+.03)
.18 0.17   <0.01 0.24
.02) (1.02)
■>o
TABLE I (Continued)
Sperm
Cells
Embryos 
(15 min)
Embryos 
(20 min)
Embryos 
(25 min)
Embryos 
(30 min)
Embryos 
(180 min)
Embryos
(3-12 hrs) Pj8 P2h
Day 3 0.40
(+.0 1)
0.14
(+.05)
--- -- 0.09
(+.04)
0 . 1 0
(+.04)
---
Legend
a Standard deviation calculated from the relative standard deviations based on sampling error, 
b 32p_ia|jexed males fed with 12.2 mM[2-^H]EMS (355 mCi/mM specific activity),
c ^P-labeled males fed with 0.38 mM [1-%]EMS (6100 mCi/mM specific activity),
d ^P-labeled males vapor treated with 0.2 mg [1-%]EMS (6100 mCi/mM specific activity),
e Egg samples collected without carbon dioxide gas.
f Egg samples collected with carbon dioxide gas.
3 39g P^ is the probability level for the null hypothesis that the H / P  ratio in the sperm are equal 
to the 3h /32p ratio in all embryo stages based on an F-test ANOVA.
h P£ is the probability level for the null hypothesis that the % / ^ P  ratio in all embryo stages are 
equal based on an F-test ANOVA.
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TABLE II. ANALYSIS OF VARIANCE FOR 3H/32P RATIO IN SPERM CELLS 
AND 180-MINUTE EMBRYOS FROM EXPERIMENTS 1 TO 5.
(The treatments are %/^2p In sperm cells versus the 180-minute 
embryos, while the blocks are the separate experiments.)
Sperm Gastrula
Cells (180-Minute Embryos)
Experiment 1 0.5142 0.2237
0.6245 0.0959
1.1387 - Su  0.3196 - S12
Experiment 2 1.1470 0.1046
0.3880 0.1035
1.5350 * S2 1 0.2081 » S22
Experiment 3 1.3820 0.1833
1.2758 0.1661
2.6578 - S31 CT.3494 - S32
Experiment 4 5.5702 1.1293
2.1232 0.1847
7.6934 - S4 1 1.3140 * S42
Experiment 5 0.3195 0.0777
0.2971 0.0353
0.6166 m S3 j_ 0.1130 * S32
ANOVA TABLE
Source
Degrees
of
Freedom
Sum of 
Squares
Mean
Square F-test Probability
Total 19 30.1419
Stage 1 6.3475 6.3475 9.4612 P <  .025
Experi­
ment 4 11.2554 2.6139 3.8967 P <.05
Experi­
ment X stage 4 5.8300 1.4575 2.1724 NS
Error 10 6.7090 0.6709
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the 180-minute embryos. This difference was due to a reduction of the 
%/32p ratios in the embryo samples. The ANOVA also indicated a block 
(experiment) effect (P<0.05), but this difference between experiments 
can be attributed to different levels of labeling resulting from the 
different methods of administering the EMS and the differences in the 
specific activities of the %-EMS samples used in the experiments 
(Table 1). There was no significant experiment-treatment interaction 
indicating that all five experiments were consistent in showing a sta­
tistically significant decrease in the % /^ 2p ratios between sperm and 
the 180-minute embryo stage.
In experiments three, four and five, embryos were sampled at 
earlier stages to determine when during embryogenesis the events which 
cause the reduction in the ^H/^P ratio occur. When the ratios of the 
DNA samples from experiments three through five were compared, there 
was no significant difference between early and late embryos, but there 
was a significant difference between the sperm and embryo samples 
(Table 1). This indicates that the events which caused the reduction 
in the ^H/^P ratio occurred early during embryogenesis, possibly as early 
or earlier than the first embryo stages sampled. The probability levels 
(P^ and P2 ) given in the last two columns of Table 1 are based on experi­
mental error from the analysis of variance and are a more conservative 
estimate of the difference between sperm cells and embryos than the 
confidence limits of the % / ^ P  ratios in Table 1 which are based only 
on sampling error of the counting statistics.
A group of inseminated females from each mating in experiment five 
were set aside to Investigate the effect of sperm storage on the ^H/
32p ratio in the sperm. The sperm cells in these females were sampled
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immediately after mating, 3 days after mating and 7 days after mating. 
Comparison of the ratios from the DNA extracts of the stored and non­
stored spermatozoa suggested there was a time dependent decrease of 
%-labeled ethyl groups in the stored sperm (Table IV).
Experiment six was designed to test both the stage effect (sperm 
vs. embryos) and the apparent storage effect observed in the stored 
sperm of experiment five. One thousand labeled CD males were treated 
with %-EMS vapor and mated to 3400 virgin (£ females. Nine hundred of 
these females were selected at random and set aside for sperm sampling.
Sperm samples from the inseminated females were collected on each of the 
3 days during which the embryos were collected. Embryo samples were 
pooled each day according to embryonic stage. The comparison of the 
3H/32p ratios of the sperm DNA to embryo DNA was done using a randomized 
block design where treatments consisted of sperm cells, premitotic em­
bryos (15-minute samples), second division embryos (30-minute samples) 
and gastrula embryos (180-minute samples). The samples were blocked 
according to the day (Day 1, Day 2, or Day 3) on which they were taken 
(Table III). Therefore, the variance can be partitioned into the 
component due to treatment differences (sperm vs. embryo stages) and 
the component, if any, due to storage differences.
The analysis of variance for experiment six showed a significant 
treatment effect (p< 0 .0 1 ) and significant block (storage) effect 
(p<0.01). The treatment effect was due entirely to the difference of 
% / ^ P  ratios between the sperm cells and the embryos. This result was 
consistent with the results of the previous experiments. The difference 
among embryo samples was not significant; however, the sperm cells had 
a significantly larger ratio than any embryo sample. This indicates
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TABLE III. THE ANALYSIS OF VARIANCE FOR 3h/32P RATIOS FROM EXPERIMENT 6 .
Sperm
Cells
Premitotic 
Embryos 
(15 min)
2nd division 
cleavage 
Embryos 
(30 min)
Gastrula 
Embryos 
(180 min)
Day 1 0.9418 0.5292 0.3524 0.4053
Day 2 0.5052 0.1795 0.1768 0.1745
Day 3 0,4037 0.1375 0.0895 0.1034
ANOVA TABLE
Degrees of Sum of Mean Proba-
Source Freedom Squares Squares F-test bility
Total 11 0.7094
Day 2 0.3984 0.1992 68.3 < . 0 1
Stage 3 0.2935 0.0978 33.5 < . 0 1
Sperm vs. 
Embryos 1 0.2887 0.2887 99.6 < . 0 1
Gastrula vs. 
Earlier Stages 1 0.0043 0.0043 1.5 NS
Premitotic vs. 
2nd Division 
Embryos 1 0.0004 0.0004 0.2 NS
Error 6 0.0175 0.0029
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TABLE IV. THE 3H/32P RATIOS FROM STORED AND NON-STORED 
3H-EMS TREATED DROSOPHILA SPERMATOZOA
Mating
Day 1 
(Non-stored) Day 2 Day 3 Day 7
Experiment 5 1 0.3195a
(+.09)
-- 0.1499
(+.0 2)
0.0583
(+.0 1)
2 0.2971
(+.03)
—— 0.1573
(±.04)
0 . 1 0
(+.0 1)
Experiment 6 1 0.9418
(+.09)
0.5052
(+.03)
0.4037
(+.0 2)
--
2 0.7191
(+.04)
0.6638
(±.03)
0.6462
(±.03)
aStandard deviation calculated from the relative standard deviations 
based on sampling error.
Chat the change in the %/^2p ratio must have occurred earlier than 
15 minutes after deposition of the egg. The storage effect was due to 
the decrease in the %/^^P ratios of both sperm and embryos sampled on 
consecutively later days. This storage effect might be attributed to 
a time dependent loss of ethyl groups from the DNA of sperm cells stored 
in the seminal receptacle.
Stability of Alkyl Groups in the Sperm
Table IV shows the %/32p ratios of DNA extracts from the stored 
and non-stored sperm samples from experiments five and six. A compari­
son of the 3h /3^P ratios from these four sperm samples indicates that 
there is a consistent time dependent reduction in the isotopic ratio 
with sperm cell storage.
Percentage of %  Retained in the Stored Sperm and Embryos
If the %/32p ratio of the non-stored sperm samples are considered 
unity, then the ratios from the stored sperm samples can be expressed 
as a percentage of the non-stored sample using the formula:
% %  = ^ / ^ P  stored Samples x 1Q0 
^H/^p non-stored samples
In a similar manner the % / ^ P  ratios of the embryo samples can be ex­
pressed as a percent of the sperm samples. The loss of ^2p in the sperm 
cells and embryos is due to radioactive decay and since a correction is 
made for the decay in computing 32p dpm, the 32 p terms in the numerator 
and denominator should cancel and the percentage obtained will approxi­
mate the percent of tritiated ethyl groups retained in the stored sperm
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and the embryo samples.
One mechanism which accounts for loss of alkyl groups In DNA Is 
excision repair (Regan and Setlow, 1973; Roberta et al., 1968 and 1971). 
If alkylated bases are removed by an excision repair, some of the 32P 
atoms In the DNA backbone may also be lost. Regan and Setlow (1973) 
estimate that repair due to EMS damage Involves the replacement of two 
to three nucleotides. The sperm derived DNA is randomly labeled with 
32P and the level of 32P labeling on the sperm DNA is approximately
4.7 x 10"® 32P atoms per nucleotide. If the selective recognition and 
elimination of an ethyl group involves replacement of three bases the 
highest rate of removal of 32P =* 3(4.7 x 10"®) ■ 1,4 x 10"®. Even if 
the excision of an ethylated base involves removal of 104 nucleotides 
as estimated by Roberts et al. (1968 and 1971)f the highest rate of 
loss of 32P is only 4.9 x 10"^. Therefore, a decrease in the 3H/32p 
ratio indicates a selective removal of ethyl groups which exceeds the 
loss of the randomly labeled 3 2P. Such a decrease would be effected 
by excision repair but would not be effected by changes in the efficiency 
of DNA extraction.
The majority of EMS induced alkylations on DNA occur at the N-7 
position of guanine and N-3 position of adenine (Sun and Singer, 1975; 
Lawley and Brookes, 1963). It has been shown that more than 50% of the 
ethyl groups on the bases of ethylated sperm cell DNA co-chromatograph 
with 7-ethyl guanine (Aaron et al., 1973). Therefore, it is assumed 
that the majority of %. labeling of alkylated sperm DNA occurs at these 
sites. Approximately 15% of the ethylations are expected to occur on 
the DNA phosphates (Bannon and Verly, 1972), however, the phosphotriesters 
formed by alkylation of the DNA phosphates are stable and are not ex-
pected to contribute significantly to a reduction in the alkylation of 
ethylated DNA.
Strauss et al., (1975) has calculated the overall rate constant 
for hydrolytic depurination of 7-alkyl guanine and 3-alkyl adenine from 
alkylated DNA. This constant is based on the methylated DNA products 
which are slightly less stable than the ethylated products (Strauss and 
Hill, 1970). Assuming that this constant (1.84 x 1 0“Vin"l) also ap­
proximates the hydrolytic loss of the ethylated products; the observed 
reduction of ethylation in the stored sperm cells and in the embryos can 
be compared to the reduction expected from hydrolysis of alkylated 
purines.
The semi-log plot for %%-retained by sperm cells over the storage 
period is illustrated in Figure 4. All four series of sperm samples 
show at least a 1 0% decrease of %  label during the storage period.
Rate constants (Table V) based on the observed decrease were computed 
by regressing the LogeN/N0 (dependent variable) with the negative time 
of storage (independent variable) such that;
LogeN/N0
k “ “  - b0 - the slope of the regression,
-time
where: k - rate constant calculated
n ■ %  % after storage 
nQ ■ %  % before storage 
t = time elapsed in minutes.
The observed rates of reduction of ethyl groups in the stored sperm do 
not differ greatly from the rate expected if this loss is due to spon­
taneous hydrolysis of alkylpurines from DNA.
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TABLE V. THE CALCULATED RATES FOR hi/32? REDUCTION IN STORED SPERM CELLS
Experiment
Time
(minutes)
%/32p Sperm Stored = n /w 
% / 32p Sperm Non-stored ° LogeN/N0
LogeN/N0 a 
k “ -time
Mate 1 0 1.00 0.00 1.66 x 10“^min-^
4320 0.47 -0.75 (S.E. 2.56xl0-^min--*-)
5
10080 0.19 -1.66
Mate 2 0 1.00 0.00 1.16 x 10-^min-^
4320
10080
0.53
0.33
-0.63
-1.11
(S.E. 9.47xl0-6mln"1)
Mate 1 0 1.00 0.00
1440 0.54 -0.62 3.20 x 10“^min”^
6
2880 0.43 -0.84 (S.E. 3.81xl0_5min_1)
Mate 2 0 1.00 0.00
4320 0.92 -0.08 4.08 x 10-^min-^
2880 0.90 -0.11 (S.E. 6.03xl0**6min_i)
Mean k = 1.61 x 10**^mln“l Pooled Standard Error - 2.62 x 10“9min”l
aThe k value is computed from the regression of three points using a no intercept model for 
linear regression (Y = kX).
52
Figure 5 is the semi-log plots of %  %-retained by sperm derived 
DNA of the embryos from Mating 1 of each of the last three experiments.
The data from the last three experiments were plotted since only these 
experiments contain data from three different measurements of the 
^H/^P ratios of closely timed embryos (5-minute age span), and at 
least three points are necessary for performing a valid regression 
analysis for the effect of embryonic stage on the level of %  label 
(Table VI). Experiment three has three embryo data points (Table I) 
but the last point (3 hours to 12 hours) is from a collection of embryos 
with a 9-hour age span. Since only two of the samples in experiment 
three have the same age span in the embryo samples (5-minute age span) 
the data from experiment three was excluded from this regression analy­
sis. To determine the most conservative estimate of the embryonic de­
crease in the %  label only the data for Mating 1 of experiments four 
and five and Day 1 from experiment six (Table 1) were plotted since 
these experimental blocks exhibit the smallest embryonic decrease in 
3h labeling. Each point on the X-axis represents the minimum age of the 
embryo sample. As many as 21% of the embryos in a pooled embryo sample 
(Table IX) may have been retained for some period of time in the uterus 
of the female and were in more advanced stages of development than the 
majority of embryos in the sample. The retained embryos are of par­
ticular importance in the early embryo stages (15 to 30 minutes) since 
the time interval between stages is small. Therefore, the early embryo 
stage samples may overlap each other and may not cleanly separate the 
embryos into the discrete stages indicated previously. The regression 
lines for experiments four, five, and six, calculated from the three 
embryo points in each experiment, intercept the Y-axis at 36%, 34%,
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TABLE VI. THE CALCULATED RATES FOR 3H/32P REDUCTION IN THE EMBRYOS 
DURING EARLY CLEAVAGE AND T-TEST OF THE RATES
Experiment
Time
(minutes)
3h /32P Embryo 
3H/3*P Sperm = N/No LogeN/N0
LogeN/N0
-time
Mate 1 0 - 2 0 0.08 -2.5 1.25 x 10-1min-l
3
Mate 2 0 - 2 0 0.13 -2.0 1.02 x lO-Vin'1
Mate 1 0 - 1 5 0.35 -1.1 7.00 x 10-2min-l
4
Mate 2 0 - 1 5 0.11 -2.2 1.47 x 10-3min
Mate 1 0 - 1 5 0.31 -0.9 5.78 x 10-2min_l
5
Mate 2 0 - 2 5 0.11 -2.2 8.80 x lOTnin”3-
Mate 1 0 - 1 5 0.56 -0.6 3.87 x 10-2min“l
Day 1
6
Mate 1 0 - 1 5 0.36 -1.0 6.81 x 10-zmin-1
Day 2
Mate 1 0 - 1 5 0.34 -1.1 7.20 x lO'^min-3
Day 3
cn
TABLE VI (Continued)
Observed rates Mean Standard Error Degrees of Freedom
1.25 x 10“^min_1
1.02 x 10-1min-1
7.00 x 10"^min“ -^
1.47 x l O ' W n -1 8.54 x 10-2min-^ 1.14 x 10_2min-1 8
5.78 x 10-^min-1
8.80 x 10_2min-l
3.87 x 10”2min“1
6.81 x 10-2min_1
7.20 x 10_2inin“^
Hq: y£/» = 1.84 x 10_^min“ -^ -jjl ^a*/* ^ 1*84 x 10“^min“-*-
with: Of = 0.05 Limits are: -2.306 < t < 2.306
t = X = (8.54 x lQ-^in"1) - (1.84 x lQ-^min"1) = 7.396
s_ (1.14 x 10"^min“ )^
LnOi
TABLE VI (Continued)
Since 7.396^, 2.306 reject the null hypothesis and assume there is a significant difference 
between the observed rates of reduction of the ration and the rate of hydrolytic removal of 
alkylpurines from DNA. P<C.05.
TABLE VII. THE CALCULATED RATES FOR % / 32P REDUCTION IN THE EMBRYOS 
DURING LATER STAGES AND T-TEST OF THE RATES.
Experiment
Time
(minutes)
3h/32P Embryos
o ,, = N/N 
3H32P Sperm 0 LogeN/NQ
k LogeN/N0 (Regression)^ 
-time
0 - 1 5 0.35 -1.05
Mate 1 10 - 25 0.33 -1.11 3.32 x 10~3min“1
A ... ■
165 - 180 0.25 -1.61 (S.E. 1.39 x 10“Vin“ >^
0 - 1 5 0.11 -2.21
Mate 2 10 - 25 0.08 -2.52 1.06 x 10“3min-^
165 - 180 0.08 -2.52 (S.E. 1.66 x 10"3min’-^ )
0 - 1 5 0.31 -1.17
5 Mate 1 10 - 25 0.34 -1.07 1.65 x 10~3min-^ .
165 - 180 0.25 -1.39 (S.E. 6.31 x loomin'*1)
Mate 1 
Day 1
0 - 1 5  
15 - 30 
165 - 180
0.55
0.55
0.42
-0.60
-0.60
-0.87
1.70 x 10”3min“^
(S.E. 1.40 x 10“Snin“l)
TABLE VII. (Continued)
Experiment
Time
(minutes)
3h /-*2P Embryos . 
3H32P sperm ' N/N° LogeN/N0
j, _ LogeN/N,, (Regression)b 
-time
Mate 1
6
Day 2
0 - 1 5  
15 - 30 
165 - 180
0.35
0.35
0.35
-1.05
-1.05
-1.05
0.00
Mate 1 
Day 3
0 - 1 5  
15 - 30 
165 - 180
0.36
0.21
0.29
-1.02
-1.56
-1.24
-7.21 x lO^min-1 
(S.E. 2.97 x lO-Vla"1)
a Rates calculated only in those matings where 3 observations were made, 
k The k value is computed using intercept model for linear regression (Y = a + kX).
Observed rates Mean Standard Error Degrees of Freedom
3.32 x 10”^min_1
Ui
00
TABLE VII. (Continued)
Observed rates Degrees of Freedom
1.65 x 10~3min~^ 
1.70 x 10~3min-l
1.30 x 10 3min 1 5.16 x 10-4min~l 5
0 min 1 
-7.21 x 10-5min~1
Hq: /*.= 1.84 x 10“4min_1 = ft Ha: A  ^ 1,84 x 10_4mln_1
with: 0£ » 0.05 limits are: -2.571 ^  t $ 2.571 C 5df
t = X - M  - (1.30 x 10~8min~^) - (1.84 x 10~4min~^) _ 2,12
s_ (5.16 x 10-4min-l)
x
Since -2.571^ 2.12 ^  2.571, fail to reject the null hypothesis and conclude that there is no 
significant difference between the observed slow rates of reduction of the ratio and the rate 
of hydrolytic removal for alkylpurlnes from DNA (p <  0.05).
and 57%, respectively. The semi-log plots o£ the decrease in %  and 
the calculated Y-intercept values all project a rapid initial decrease 
(Table VI) in the level of label. However, the magnitude of this 
initial decrease differs between all experiments. This difference be­
tween experiments is due to differences such as in the method of ad­
ministering the EMS, in the specific activities of the ^H-EMS samples, 
in the type of virgins used for egg collections, etc., but there is no 
clear pattern to indicate which of the differences influence the magni­
tude of the initial decrease.
There is a statistically significant difference between the em­
bryonic rates of loss observed prior to the first embryo stages sampled 
and the rate of spontaneous hydrolytic depurination (Table VI), but 
there is no significant difference between the observed mean rates of 
%  loss and the rate for hydrolytic depurination of alkylated DNA in 
the later embryo stages (Table VII). This suggests that between 
fertilization of the egg and the first or second mitotic division in 
the embryo, ethyl groups are lost at a rate much greater than the rate 
for hydrolytic depurination. During this period the alkyl groups are 
lost at least 400 times faster than would be expected by spontaneous 
hydrolysis. After the first few mitotic divisions in the early em­
bryo loss approximates the rate for hydrolytic loss of alkylpurines.
Fertility of Embryos Collected with Carbon Dioxide Gas
When this series of experiments were initially designed it was ex­
pected that eggs would be collected by simply allowing the inseminated 
females to lay on a media specially prepared to induce egg laying 
(Wurgler et al., 1968). This method of egg collection worked well for
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the first two experiments in which the earliest embryo samples were 
three to four hours old (gastrula stage). In these first experiments 
the females could be left to lay eggs undisturbed for at least one 
hour. Thus, large groups of eggs having approximately the same embry­
onic development could be collected easily. In the remaining four 
experiments it was necessary to collect egg samples over shorter time 
intervals and to reduce the age range of embryos in each sample. The 
normal egg laying rate of the inseminated females was not sufficient 
to allow collection of large numbers of closely timed embryos. It was 
proposed that these more closely times samples could be collected by 
using anesthetizing doses of carbon dioxide gas to induce egg laying 
by the inseminated females.
Since the experiments are designed to investigate embryonic events 
it is important that the collected eggs be fertilized. Thus, it was 
necessary to determine how the CO2 treatment affected the fertility 
of the sampled eggs. This affect of CO2 on egg fertility was measured 
in six independent determinations, in which separate groups of 200- 
300 inseminated 4-6 day old female flies were used for each determina­
tion. The inseminated females were allowed to deposit eggs over one- 
hour periods on the special media of Wurgler e£ al., (1968). Samples 
taken prior to CO2 subjection served as controls. After a sufficient 
number of control eggs were collected the females were administered 
anesthetizing doses of CO2 to induce egg deposition. The females were 
allowed to recover from the affects of CO2 for at least one hour before 
being anesthetized again. Twenty-four hours after deposition the eggs 
from both the control and COg groups were scored for hatchability 
(Table VIII).
TABLE VIII. THE EGG FERTILITY USING CARBON DIOXIDE GAS TO INDUCE EGG LAYING
Determination
Control C02 Group
No.
Eggs
No.
Hatch
%
Hatch
No.
Eggs
No.
Hatch
Z
Hatch
1 420 359 85.5 571 383 67.1
2 110 101 91.8 158 120 75.9
3 174 153 87.9 583 375 64.3
4 152 123 80.9 707 408 57.7
5 255 230 90.2 583 362 62.1
6 528 497 94.1 509 408 80.2
X 88.4 68.0
SD 4.7 8.4
The mean hatchability for the control eggs combining all of the 
determinations was 88% (£>% SD). The mean hatchability of the embryos 
In the CO2 group was 68% (±8% SD). Since the majority of the eggs 
collected with CC>2 were fertile It was decided that further studies 
could be carried out using CO2 to collect timed egg samples. Bggs that 
are not fertilized do not contribute either one of the radionuclides 
to the DNA extracts and therefore do not affect the % / ^ P  ratios.
Percent of Retained Eggs In Pooled Embryo Samples
Normally, the egg passes Into the uterus where It Is fertilized by 
a spermatozoa and the egg is deposited on the media soon after. These 
two events occur in a very short period of time such that embryonic 
development is considered to begin when the egg is deposited. Some­
times a female may retain an inseminated egg in the uterus for a period 
of time. Such an egg begins embryonic development within the female 
and is deposited in an advanced developmental stage (Wurgler et al., 
1968). During these experiments an attempt was made to separate the 
early embryo samples into distinct developmental stages (premitotic,
15 minutes after deposition; first cleavage division, 20 and 25 minutes 
after deposition; and second division, 30 minutes after deposition) 
based on the time schedule of Rabinowitz (1941). Thus it is important 
to determine what proportion of the embryos are retained from one stage 
to the next.
As described in the Methods and Materials embryos from each stage 
were selected at random and prepared for cytological examination. The 
description of early cleavage for Drosophila melanogaSter given by 
Sonnenblick (1965) was used as a cytological guide for determining the
developmental stage of a particular embryo. Approximately 1% of the 
total egg sample from any particular developmental stage was prepared 
for cytological examination and these embryos were selected at random 
from approximately 16% of the egg samples pooled for a particular de­
velopmental stage. Table IX gives the results of cytological examina­
tions of embryos from seven different groups of pooled egg samples 
distributed among four different experiments. Assuming that the pro­
portion of retained eggs in a pooled sample is not dependent on what 
stage the eggs have reached when development is stopped or in what ex­
periment the samples are collected, a mean value based on all seven ob­
servations can be computed. Among the seven groups of pooled embryo 
samples the overall mean of retained eggs in the cytological samples is 
8% (± 6% SD). Since on the average only 68% of the embryos collected 
are fertile it can be expected, based on cytological examination that as 
many as 21% of the fertile embryos in a pooled sample may have come 
from fertilized eggs that had been retained in the uterus of the female. 
The observation that there might be overlap between embryo stages must 
be considered when comparing the ^H/^P ratios obtained from the various 
embryonic stages.
The Effect of DNA Source on the Extraction Procedure
The DNA in the sperm cells is bounded by arginine-rich histones, 
tightly coiled, and in a non-metabolizing condition, while the sperm 
derived DNA of the embryo is bounded by lysine-rich histones, is not as 
tightly coiled as the DNA in the sperm cells, and is capable of meta­
bolic activity (Das, e£ al., 1964a and 1964b; Oliveri and Oliveri,
1965; Brink, 1968). Since the DNA of the sperm is packaged differently
TABLE IX. THE PERCENTAGE OF EMBRYOS RETAINED BEYOND THE STAGE SAMPLED
Experiment
Average age 
of eggs in 
the pooled 
sample (min)
No. eggs in 
the pooled 
sample
No. eggs
cytologically
examined
No. re­
tained 
eggs
Percent3
retained
eggs
4 15 3675 37 3 8.1
25 3626 44 2 4.5
5 15 6055 40 1 2.5
25 6397 24 0 0.0
6 15 7600 64 8 13.0
30 8992 52 6 12.0
7 30 4175 37 6 16.2
a X for the percent of embryos retained equals 8 * 6  standard deviation.
b Experiment 7 sample is from the ^H-MMS treatment used to determine the efficiency of the 
extraction procedure for the two types of DNA sources.
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than the sperm derived DNA of the embryo It la possible that the DNA 
extraction procedure has a differential effect on DNA from the two dif­
ferent sources. It might be suggested that a differential effect of 
the DNA extraction procedure Is responsible for the apparent reduction 
of %-labeled bases from the DNA of the embryos.
32p-iabelled CD males were fed %-methyl methanesulfonate (specific 
activity 6900 mCl/mM) and mated to £  virgins for one day. After mating 
the males were separated from the females and frozen. Egg samples were 
collected from the inseminated females with the use of CO2 and allowed 
to develop 30 minutes before freezing on dry ice. The individual embryo 
samples were pooled to form one large sample of 30 minute eggs. Sperm 
cells were sampled by removing the seminal vesicles from frozen "’R-MMS 
treated males, and pooled to form one vesicle sample. Each of the two 
samples were placed in a glass homogenizer and ground in a mercapto- 
ethanol solution (6 ml, 6.7% in 1 x SSC; 0.1 M Tris, pH 8.5) at 4°C until 
homogenized. If there is a differential removal of %-label by the ex­
traction procedure it would most likely occur when the disrupted cells 
are in the mercaptoethanol prior to the first separation of the nucleic 
acids from the associated proteins and cellular homogenate. Beyond 
this point in the extraction procedure the separated nucleic acids from 
both sources would have similar characteristics and thus their bases 
would not be subject to differential removal.
The loss of %-labeled bases from either DNA source in the mercap­
toethanol solution can be detected by comparing the % / ^ P  ratio of 
final DNA extracts that are allowed to remain in the mercaptoethanol 
solution for differing lengths of time. After homogenization in the
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mercaptoethanol solution DNA extraction procedures were carried out on 
aliquots of solution incubated for 0, 1, and 4 hours. The %  and ^2P 
dpm and the % /^2P ratios for these extracts are given in Table XII.
Loss of labeled bases from either the egg or the sperm DNA while in 
the mercaptoethanol solution would result in a time dependent reduction
3
of H-label in the final DNA extracts. Since the phosphorus moiety of 
the DNA should not be affected by loss of the labeled bases the H/ P 
ratio should decrease if there is a time dependent loss of alkylated 
bases in the mercaptoethanol solution. The samples from the sperm cell 
DNA of the vesicles and the sperm derived DNA of the embryos increase 
in and ^2P dmp with increased time in the mercaptoethanol, but main­
tained the same %/^2P ratio. This indicates that the efficiency of 
the DNA extraction was increased with longer exposures to mercaptoethanol, 
but there was no decrease in the level of H-label in any of the DNA ex­
tractions. An ANOV of the %/^2P ratios of DNA derived from the 0, 1, 
and 4 hour incubations of the sperm and embryos (Table X) indicate that 
there is no change with increased incubation time in mercaptoethanol. 
Therefore, the decrease in %-label observed in the embryo samples of 
the experiments must be due to something other than a differential 
effect of the extraction procedure.
TABLE X. VERIFICATION OF DNA EXTRACTION PROCEDURE AND F-TEST OF RATIOS
DNA Source
Time in Mercapto­
ethanol Solution 
(hours) ^-DPM 32P-DPM 3H/32pa
Embryos 0 237 31 7.61 + .02
1 315 44 7.16
C4O•
+ 
1
4 575 80 7.14 ± .01
Sperm Cells 0 924 407 2.27 t .01
1 1515 616 2.46 t .01
4 2127 866 2.45 t .01
aRelative Standard Deviation based on counting time (sampling error).
TABLE X (Continued)
Time in Mercaptoethanol
‘ 0 hr. 1 hr. 4 hr.
Embryos 7.61 7.16 7.14
Sperm cells 2.27 2.46 2.45
ANOVA TABLE
Source
Degrees of 
Freedom
Sum of 
Squares
Mean
Square F-test Probability
Total 5 36.32
Time 1 0.03 0.030 0.46 NS
Stage 2 36.16 18.080 278.15 P C.01
Error 2 0.13 0.065
DISCUSSION
The %-ethyl groups attached to the ^P-labeled DNA of the ^H-EMS 
treated sperm cells might be affected in several ways following ex­
posure. First, these ethyl groups might remain attached to the DNA 
derived from sperm during the entire period studied, a period which 
began with %.-EMS treatment of the male, continued through insemination, 
sperm storage in the female's seminal receptacle, fertilization of the 
egg, and terminated at various stages of embryonic development. The 
label is randomly incorporated in the DNA of the sperm cells, 
therefore loss of the ^ P  and the chain breaks associated with the ^2p 
decay occur at random with respect to the H-ethyl sites. When the 
majority of the ethyl groups remain attached to the DNA throughout 
embryonic development the % / ^ P  ratio after correction for ^ P  decay 
should be constant for all stages sampled (sperm and embryos). No 
significant difference would be expected between this ratio observed 
in the DNA of the sperm cells and the ratio in the sperm derived DNA of 
the embryos.
Another possible occurrence would be the dissociation of the in-
o 32
duced H-ethyl groups from the P-labeled sperm derived DNA sometime
after treatment. This dissociation of ethyl groups might occur in
sperm cells while they are stored in either the males or females and/or
it could take place in the embryo during development. The loss of
ethyl groups from the alkylated sperm derived DNA might result from
several causes. Alkyl purines are hydrolytically removed from DNA at
a mean rate approximately 1 x 10J times faster than the rate observed
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for hydrolytic loss of non-alkylated purines from DNA (Lindahl and 
Nyberg, 1972; Strauss et al., 1975). Lett et al., (1962) have shown 
that hydrolysis of the quaternized alkyl purine products In double 
stranded DNA occurs at the N-glycosidic bond which links the sugar from 
the DNA backbone to the alkylated purine, but does not frequently 
occur at the bond which links the alkyl group to the purine. Thus, 
alkyl purines are hydrolytically split from the DNA but the alkyl 
groups are not readily hydrolyzed from the alkyl purine. Since the 
majority of ethylations on DNA occur at the N-7 position of guanine 
(Lawley and Brookes, 1963; Aaron et al., 1973; Sun and Singer, 1975) a 
decrease in the level of %-ethyl groups on the DNA would result from 
the hydrolytic loss of the ethylated purines. The hydrolytic loss of 
ethylated bases from the alkylated sperm DNA during storage, either in 
the seminal vesicles of the males or the seminal receptacles of the 
females, should cause the % / ^ P  ratio of stored sperm DNA to undergo 
a time dependent reduction. The magnitude of this reduction would be 
directly related to the amount of %-ethylated bases lost, and since 
the majority of alkylatlons in the Drosophila DNA occur on the purine 
sites (Aaron et al., 1973) the rate of reduction of this ratio should 
not be significantly different from the estimated depurination rate for 
alkylated DNA. The hydrolytic loss of ethylated bases druing embryonic 
development could also result in a time dependent reduction in the em­
bryonic % / ^ P  ratio by approximately the rate of DNA depurination for 
alkylated bases.
The loss of ethyl groups might also result from an active enzymatic 
removal of alkylated bases from the DNA (Strauss and Robins, 1976;
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Lawley and Orr, 1970; MargiBon and O'Connor, 1973). An enzymatic re­
moval of %-ethyl groups or the %-ethylated bases from treated sperm 
derived DNA via some repair system must occur at a rate greater than 
the spontaneous hydrolysis rate for depurination of alkylated bases 
if it is to be detected as a different process. The onset of such an 
enzymatic loss of the %-labeled ethyl groups should result in a de­
crease in the %/^^P ratio of the sperm derived DNA, either during 
storage or embryonic development, at rates significantly faster than 
the rate for depurination of alkylated DNA.
It is apparent from examination of the ^H/^P ratios of sperm cells 
stored in seminal receptacles of female flies for short and long periods 
of time that the ratio does not remain constant during storage (Table 
IV and Figure 4). During these periods of storage (0-7 days) the ratio 
decreased at approximately the rate expected for the hydrolytic loss 
of a alkylated purines from DNA. The observed mean rate in the re­
duction of % ^  from the DNA of stored sperm (Figure 4) is 1.61 x
10~^min” .^ This value does not appear to differ from the hydrolytic
/  <|
depurination rate of 1.84 x 10 min (Strauss jsjt al., 1975). Because 
this rate of loss is slow and because insemination of the female and 
fertilization of the egg occurs one to two days after treatment a 
large proportion of the alkyl groups accumulated in the treated sperma­
tozoa are retained until fertilization.
If this apparent loss of %  in stored sperm cells is due to a hydro­
lytic depurination of ethylated bases; it is most probable that this 
hydrolysis begins with the onset of base alkylation at the time of male 
treatment, and would continue until all the alkylated bases are removed. 
It would, therefore, be expected that the sperm derived DNA of the
early embryos, exhibit at least a hydrolytic loss of ethylated bases 
and a corresponding decrease In the ^H/^P ratio.
A within experiment comparison of the ^H/^P ratios from extracted 
DNA of sperm cells with the ratio from DNA of embryos shows that the 
ratio in the embryos is significantly decreased from the ratio in the 
sperm cells (Table II). This decrease in the isotopic ratio is ob­
served within the earliest embryo stage sampled and continues to be 
observed throughout the later embryo stages (Table 1, Table III, and 
Figure 5). Since the DNA extraction procedure extracts DNA non- 
preferentially from the two sources (Table X) and since the alkyl 
phosphotriesters formed in the DNA are apparently stable products 
(Bannon and Verly, 1972) the difference between the sperm and the em-
q
bryos must represent an active removal of the H which is attached to 
the ethyl groups on the ethylated DNA bases. The data available does 
not allow the distinction between 1) loss of the ^H-ethyl group from 
ethylated bases of the DNA and 2) removal of the entire ethylated base 
from the DNA. However, based on the observations of other investiga­
tors (Bannon and Verly, 1972* Lett et al., 1962) the latter condition 
seems more likely.
3
The release of the H-label in the embryos occurs in two phases
(Figure 5). Between fertilization of the egg and the first few embry-
3
onic mitotic divisions the loss of H-label from embryo DNA occurs at 
a mean rate approximately 400 times greater than the rate for spon­
taneous hydrolytic depurination of alkylated DNA. The data in Table 1 
indicates that this very rapid loss of JH-label may have occurred prior 
to the earliest embryo stages sampled (eggs collected 15 and 20 minutes
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after deposition) and before the onset of the first mitotic division.
3 M
The difference between H/J P ratios observed in sperm and the earliest
stage measured in the embryo would require a rate of selective loss of 
3 32H versus randomized loss of P that is at least as high as 8.4 x
n 3
10 min (Table VI). This minimum estimate for the loss of H during
the short interval between sperm penetration of the egg and the first
embryo sample is significantly faster than could be accounted for by
spontaneous hydrolysis of ethylated purines from DNA (Table VI).
The second phase of the %-loss appears to occur after the first
or second mitotic division. During the period from the first mitotic
division to gastrula formation the H-label is lost at about 0.02 times
the rate observed in the first phase. The t-test analysis (Table VII)
—3 —1indicates that the mean rate for this slow phase (1.30 x 10 ''min ) 
based on six observations is not significantly different from the rate 
of hydrolysis for alkylated purines. The slow phase rate was computed 
using the 15 minute embryo samples as the initial point in the re­
gression. However, due to selective loss of over half of the initial 
alkylations, the 15 minute embryo samples may have a distribution of 
alkyl sites quite different from the initial distribution of alkyl 
sites in the sperm DNA. Thus, this slow phase rate may be biased 
downward because of a higher proportion of stable alkylation sites.
EMS induction of mutations after treatment of Drosophila males is 
stage specific. The highest mutation frequencies occur when germ cells 
are treated as late spermatids or mature spermatozoa (Fahmy and Fahmy, 
1957 and 1951; Alderson, 1965; Epler, 1966; Jenkins, 1967a and 1967b). 
Treatment of these stages results in the accumulation of high levels
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of alkylation on the sperm DNA but produce comparatively low frequen­
cies of sex-linked recessive mutations in the progeny of treated males 
(Aaron and Lee, 1977). A high frequency of the EMS induced mutations 
are mosaic mutations (Jenkins, 1967a and 1967b; Epler, 1966; Alderson, 
1967; Lee et al., 1970). Analysis of the distribution of mosaics from 
several experimental sources has led Lee (1976) to estimate that on 
the average mosaic embryos carry a mutation in only 1/4 of their 
nuclei. Finally, there is an apparent direct relationship between the 
time treated sperm cells are stored in the seminal receptacles and the 
frequency of translocations, chromosome loss and dominant lethals ob­
served in the progeny (Abrahamson £t al., 1969; Sram, 1970a and 1970b; 
Schalet, 1977).
There is evidence from several sources for the existance of cellular 
enzymes which can recognize and remove alkylated DNA bases (Strauss and 
Robins, 1967; Kirtikar and Goldthwait, 1974; Lawley and Orr, 1970; 
Margison and O'Connor, 1973). In addition it has been shown that alkyl­
ated bases are hydrolyzed off alkylated DNA at rates significantly 
greater than those for hydrolytic loss of the corresponding non­
alkylated bases (Lindahl and Nyberg, 1972; Lawley and Brookes, 1963; 
Margison and O’Connor, 1973; Strauss et al., 1975). Enzymatic removal 
and hydrolytic removal both leave apurinic and possibly apyrimidinic 
sites in DNA at the point of base removal. These apurinic and apyri­
midinic DNA sites are unstable and could be further hydrolyzed to form 
single-strand breaks in the DNA (Strauss and Hill, 1970; Ross, 1958). 
Endonucleases specific for apurinic (apyrimidinic) sites have been 
isolated from cellular extracts of bacteria, higher plants and mammals 
(Verly and Rassart, 1965; Verly et al., 1973; Lindahl and Andersson,
1972; Ljungquist and Lindahl, 1974; Verly and Paquette, 1973). These 
endonucleases recognize apurinic sites, hydrolyze phosphodiester bonds 
near each apurinic site and thus Introduce single strand breaks into 
the DNA. Verly £t al., (1974) suggests that these endonucleases are 
part of an enzymatic system which repairs the naturally occurring in 
vivo depurination of cellular DNA. The exact nature of this enzymatic 
system Is not known, but there is in vitro evidence to suggest that 
excision repair processes do repair alkylation damage in DNA (Verly 
et al., 1974). Boyd and Presley (1974) have observed that EMS induces 
in vivo unscheduled DNA replication in mitotic cells of Drosophila 
larvae. Unscheduled DNA synthesis would be expected to result when a 
cellular excision-repair system operates to repair damaged DNA. Boyd 
and Setlow (1975) and Boyd et al. (1975) also provide evidence that 
certain MMS sensitive strains of Drosophila melanogaster are deficient 
for normal exclsion-and post-replication repair processes. Both of 
these processes would be enzyme mediated.
The following sequence of events is proposed to account for the 
various aspects of the EMS mutation spectrum in Drosophila and the 
apparent shift in the % / ^ P  ratio observed between sperm DNA and sperm 
derived DNA of embryos. The sequence is based on the assumption that 
among the "normal complement" of Drosophila cellular, enzymes there 
exists a system that has the capability of recognizing, removing and 
repairing DNA damage resulting from alkylation of the nitrogenous 
DNA bases. 1) During spermatogenesis the early cell stages (sperma-
i
togonia to early spermatids) are capable of enzymatically repairing 
DNA alkylation damage induced by EMS treatment of the males. As a 
result the level of promutagenic and/or mutagenic effects which could
accumulate are kept to a minimum. 2) Upon undergoing the metabolic, 
physiologic and morphologic changes which transform spermatids to 
spermatozoa; spermatids lose the ability to rapidly enzymatically re­
pair DNA alkylation damage. Late spermatids and mature spermatozoa 
are, therefore, incapable of carrying out this repair. It had earlier 
been shown that the ability to rejoin chromosomes broken by ionizing 
radiation was lost in late spermatids and spermatozoa. As a result of 
losing this repair ability alkylations accumulate to relatively high 
levels on the DNA in these cell stages. During these stages hydrolytic 
loss of alkylated bases could occur. Since the majority of the alkyl­
ations are expected to occur on purine bases (Aaron et al., 1973;
Lawley and BrookeB, 1963; Sun and Singer, 1975) the rate of loss of 
alkylated bases would be expected to approximate the rate predicted 
for hydrolytic loss of alkyl purines (1.84 x 10“^min“^), and would 
account for the decrease in the % / ^ P  ratios observed during sperm 
storage. Hydrolytic depurination of the alkyl purines from the sperm 
DNA would lead to a time dependent accumulation of apurinic sites.
These unstable sites might be further hydrolyzed to single-strand DNA 
breaks in the sperm or be retained as apurinic sites until fertili­
zation. 3) The ovum contains finite levels of enzymes required for 
repairing alkylation DNA damage, and therefore after fertilization the 
accumulated alkylated bases and alkylation Induced damage (apurinic 
sites and single-strand breaks) introduced on the sperm derived DNA 
are subject to rapid repair. It is also possible that the mature 
spermatozoa contains repair enzymes, which are unable to function in 
the sperm but can function in the environment of the newly fertilized 
egg because the substrate (alkylated DNA) becomes receptive to the
enzymes.
The Effect of Enzyme Repair on Recessive Mutation Induction
The mutation response observed In Drosophila for the EMS induction 
of sex-llnked recessive lethals can be accounted for if there are two 
different repair mechanisms available to repair alkylation damage.
The first system is an error-free repair system which removes induced 
alkylations in the DNA of the spermatogonia and the early stages of 
spermatogenesis (spermatocytes to early spermatids). This repair 
system would reduce the initial level of alkylation and the mutagenic 
potential of alkylation at these stages such that the Induced fre­
quency of mutations is not significantly increased from the control 
rate. The second system is an error-prone repair system which removes 
alkylation damage in the sperm pronucleus prior to the first cleavage 
division in the embryo. This mechanism would have a low finite pro­
bability (b) of producing a mutagenic alteration each time it repairs 
a site of alkylation damage. The frequency of induced mutations 
(e.g. sex-linked recessive lethal mutations) would therefore be 
linearly related to the level of alkylation such that;
m = bX ■ the mutation frequency induced, 
where; b = probability of repair inducing a mutation
and; X = level of alkylation (alkylation per nucleotide).
These two repair systems, an error-free system operating primarily in 
the early stages of spermatogenesis and an error-prone system operating 
prior to the first cleavage division in the embryo, could account for 
the germ stage specificity for inducing recessive mutations (Fahmy and 
Fahmy, 1957 and 1961; Alderson, 1965; Epler, 1966; Jenkins, 1967a and
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1967b), the germ stage specificity for Induced DNA alkylation (Aaron 
et al., 1973), and the apparent inefficiency with which DNA alkylation 
In spermatozoa are converted to mutations (Aaron and Lee, 1978). Most 
Importantly, the relationship between alkylation and genetic response 
predicted by the sequential operation of the two repair systems is 
consistent with the linear dose-response relationship observed by 
Aaron and Lee, (1978).
Effect of Accumulation of Apurinic sites on Mutation Induction
A time dependent accumulation of alkylation damage on sperm DNA 
could result in the increasing frequency of chromosome aberrations 
observed with storage of treated sperm cells (Abrahamson et al., 1969; 
Sram, 1970a and 1970b; Schalet, 1977). After EMS treatment the accumu­
lation of apurinic sites in the DNA as a result of hydrolysis of alkyl­
ated bases is time dependent. Therefore, stored sperm DNA should con­
tain more apurinic sites than DNA from non-stored sperm. Increasing 
the level of apurinic sites should also increase the probability of 
introducing hydrolytically induced single-strand breaks in the treat­
ed DNA of stored sperm (Strauss and Hill, 1970). Also, the efficiency 
of the repair for apurinic sites in the embryos would depend on the 
concentration of the repair enzymes and the concentration of the apurinic 
sites in the alkylated DNA. Therefore, it is possible that as a result 
of storage, apurinic sites in the alkylated DNA could accumulate to 
such high levels that during the early embryo period the repair system 
could not complete repair on all the apurinic sites present in the 
alkylated sperm derived DNA. The activity of an endonuclease specific 
for apurinic sites without subsequent or concurrent repair activity
80
could Introduce single-strand breaks into the alkylated sperm derived 
DNA. Alternately, apurinic sites which are retained throughout the re­
pair period in the embryo could be hydrolyzed at a later time to intro­
duce single-strand breaks into the alkylated DNA. During the first round 
of DNA synthesis in the embryo any remaining single-strand breaks could 
be converted to chromatid breaks. Subsequently, these chromatid breaks 
can be converted to the types of chromosome aberrations observed in pro­
geny of stored treated sperm cells. Thus, increasing the time of sperm 
storage could result in an increased potential for chromosome aberrations 
in the genome of the progeny.
The Effect of Alkylation on the Nuclear Complement of the Embryo
Fertilization in Drosophila is a gonomeric process in which both the 
haploid sperm cell and the haploid fertilization nucleus of the egg 
undergo a mitotic division prior to fusion (Heuttner, 1924; Sonnenblick, 
1965). The egg and sperm pronuclei are aligned side by side on the 
metaphase plate but remain separate until immediately following anaphase 
of this first mitotic division. At this time the products of mitosis 
fuse yielding two diploid embryonic nuclei each containing a material 
and paternal genetic complement. The first DNA synthesis in the embryo 
probably occurs prior to the fusion of the daughter pro-nuclei. Indivi­
dual EMS alkylations occur on only one of the two strands of a DNA 
molecule. If the original single-strand DNA alkylation damage is con­
verted to a double-strand chromosome alteration prior to the first DNA 
synthesis both daughter sperm pronuclei will carry the alteration. 
Depending on the nature of the alteration the resulting embryo may carry 
a mutation in all of its nuclei or be mosaic for the mutation. When
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the chromosome alteration is a mutagenic alteration, the resulting embryo 
would carry the mutation in all Its nuclei. Alternately, If the double­
strand chromosome alteration Is a promutagenic alteration (an alteration 
which has the potential of producing a mutagenic alteration at a later 
time) the embryo, if mutant, would be mosaic for the mutation. Since 
the majority of the EMS induced mutations are mosaic, conversion of 
single-strand alkylation damage to a double-strand mutagenic alteration 
prior to the first DNA synthesis probably occurs infrequently. Un­
repaired or mis-repaired single-strand alkylation damage on the sperm 
derived DNA retained through the first DNA synthesis would induce a 
mutagenic or promutagenic event in only one of the two daughter sperm 
pronuclei. The other sperm pronucleus would contain no alteration at 
the corresponding DNA site. Thus, after fusion of the Egg and sperm 
pronuclel only one of the two diploid embryo nuclei would carry a muta­
genic or promutagenic alteration at an original alkylated site. Re­
tention of single-strand alkylation damage through the first DNA synthe­
sis or mis-repair of alkylation damage, can produce mosaic embryos. 
Single-strand chromatid breaks retained after the first DNA synthesis 
can result in embryos which are mosaic for chromosome aberrations, but 
because of the small number of nuclei which give rise to the germ line 
(Sonnenblick, 1965) and because of the poor mixing of embryonic nuclei 
from which the germ line nuclei are drawn resulting in the effective 
number of mutant nuclei being 1.3 (Lee, et al., 1970; Lee, 1976), most mo­
saic individuals will be scored as complete (individuals that contain a 
completely mutant or non-mutant germ line) when judged by mutation 
transmission. Retention of single-strand alkylation damage and/or mis- 
repair can also produce a complete mutant embryo. This can occur if
one of the two embryonic nuclei formed after pronuclei fusion contains 
a single-strand break or another mutagenic alteration, while the other 
nucleus contains a dicentric bridge or any other configuration which 
causes early lethality (Leigh, 1976). If the mutagenic alteration in 
the one embryonic nucleus is viable the embryo will develop and all 
its nuclei will carry the mutagenic alteration from the original viable 
embryonic nucleus.
The frequency of mutant carrying nuclei in a mosaic embryo is 
dependent on the time during embryonic development at which alkylation 
damage is converted to a mutation. When the mutation is fixed after 
the first DNA synthesis 50% of the nuclei should carry the mutation, 
while mutations that are fixed after the second round of DNA synthesis 
would be carried by only 25% of the embryonic nuclei, etc. On the 
average only 1/4 of the nuclei of mosaic embryos carry recessive muta­
tions (Lee, 1976). This Indicates that the majority of recessive 
mutations may not be fixed until the second or later rounds of DNA 
synthesis in the embryo.
CONCLUSIONS
Storage of %-EMS treated Drosophila melanogaster sperm cells In the 
seminal receptacles of Inseminated females results in a time depen­
dent decrease In the level of Induced %-ethyl groups on the sperm 
DNA.
3
The rate of decrease in the H-labeled alkyl groups Is slow and 
does not appear to be greater than the rate predicted for hydrolytic 
loss of alkyl purines (1*84 x 10"^mtn"*^) from DNA.
Between the time of fertilization and the first or second cleavage 
divisions in the embryo (21-33 minutes after fertilization) the 
level of alkyl groups on the sperm derived DNA is reduced by a 
rate approximately 400 times greater than that expected for hydrolytic 
loss of alkyl purines.
Beyond this stage of embryonic development the level of alkyl groups 
continues to decrease, but the rate of loss is not significantly dif­
ferent from that expected for the hydrolytic depurination of alkyla­
ted DNA.
Even though alkyl groups are lost during the earlier and later stages 
of the embryonic syncytium, detectable levels of %-labeled ethyl 
groups are still observed when the embryo undergoes cellularity at 
the gastrula stage (180 minutes after fertilization).
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APPENDIX I
TOTAL COUNTS, COUNTING TIME, % SPILLOVER, % EFFICIENCY FOR EXPERIMENTS ONE THROUGH SEVEN3
Total
No. of % 32P
Counting
Time % SOb % SO % Ec % E
Experiment Treatment Eggs (A) (C) (min) A— C C— A 3H 32p
1 - Mate 1 Sperm 21463 57405 1200 0.16 5.5 21 81
Embryos 
(180 min) — 23619 106512 1200
1 - Mate 2 Sperm _ _ 15924 31936 1200
Embryos 
(180 min) — 21356 92609 1700
2 - Mate 1 Sperm 10808 15598 1000 0.02 4.1 21 81
Embryos 
(180 min) — 16464 106765 1200
Embryos 
(3-12 hrs) — 14231 88372 1100
2 - Mate 2 Sperm — 5278 10551 600
Embryos 
(180 min) — 18254 134420 1200
Embryos 
(3-12 hrs) — 16499 110753 1100
APPENDIX I (Continued)
Experiment Treatment
No. of 
Eggs
3h
(A)
32p
(C)
Total
Counting
Time
(min)
% S0b % SO 
A— C C— A
Z Ec Z E 
3h  32p
3 - Feed 1 
Mate 1
Sperm 
Embryos 
(20 min)
1116
17016
10119
18616
19568
2400
1500
0.0015 0.83 20 68
Embryos 
(180 min)
1128
10395 21732 1400
Embryos 
(3-12 hrs)
—
10815 36348 1300
3 - Feed 2 
Mate 1
Sperm 
Embryos 
(20 min)
2243
15370
21730
16495
57216
2000
2486
0.0015 0.83 20 68
Embryos 
(180 min)
2536
10022 32097 1100
Embryos 
(3-12 hrs)
—
10897 18634 1500
4 - Mate 1 Sperm 
Embryos 
(15 min)
1478
28495
16600
15223
12448
1950
1200
APPENDIX I (Continued)
Experiment Treatment
No. of 
Eggs
%
(A)
32p
(C)
Total
Counting
Time
(min)
% S0b % SO 
A— C C— A
% Ec % E 
%  32p
Embryos 
(25 min)
1386
18167 13764 1300
Embryos 
(180 min)
1842
12882 13474 800
4 - Mate 2 Sperm 
Embryos 
(15 min)
2197
41395
15156
26931
24071
2850
1550
Embryos 
(25 min)
2240
16920 31585 1680
Embryos 
(180 min)
2552
12608 24937 1250
5 - Mate 1 Sperm 
Embryos 
(15 min)
3737
11524
13228
12464
20363
1680
1873
0.0018 0.48 18 56
Embryos 
(25 min)
3845
10650 18046 1500
Embryos 
(180 min)
2731
10273 16855 1544
o\
APPENDIX I (Continued)
Experiment Treatment
No. of 
Eggs
%
(A)
32p
(C)
Total
Counting
Time
(min)
% S0b 
A— C
% SO 
C— A
% Ec % E 
3H 32p
5 - Mate 2 Sperm 
Embryos 
(25 min)
2552
11385
10926
13961
19807
1452
1700
0.0018 0.48 18 56
Embryos 
(180 min)
2227
10715 20237 1642
6 - Mate 1 
Day 1
Sperm 
Embryos 
(15 min)
1143
18743
12309
10449
10305
1900
1400
0.001 0.61 20 59
Embryos 
(30 min)
1180
13813 11952 1500
Embryos 
(180 min)
1205
13553 13044 1500
6 - Mate 1 
Day 2
Sperm 
Embryos 
(15 min)
1220
14019
9225
9598
11501
1200
1124
Embryos 
(30 min)
2030
11526 13400 1400
Embryos 
(180 min)
1305
10726 13221 1300
APPENDIX I (Continued)
Total
32p
Counting
No. of 3H Time % S0b % SO SLEC % E
Experiment Treatment Eggs (A) (C) (min) A— C C— A % 32p
6 - Hate 1 
Day 3
6
6
Mate 2 
Day 1
Mate 2 
Day 2
Mate 2 
Day 3
Sperm
Embryos 
(15 min)
Embryos 
(30 min)
Embryos 
(180 min)
Sperm
Sperm
Sperm
743
678
730
12858
13927
13161
13250
9574
10921
11052
11284
17724 10269
17472 10457
15202 9382
Sperm
(0 hr MCE )
Sperm 
(1 hr MCE)
59356
95568
53817
80418
1200
1854
1761
1762 
1500 
1500 
1200
300
300
0.001
0.001
0.61
0.60
20
20
59
65
APPENDIX I (Continued)
No. of
Experiment Treatment Eggs
%
(A)
32p
(C)
Total
Counting
Time
(min)
% S0b 
A— C
% SO 
C— A
% Ec
3H
X E 
32P
Sperm 
(4 hr MCE) 133112 112267 300
Embryos 
(30 min 
0 hr MCE) 45922 13699 800
Embryos 
(30 min 
1 hr MCE) 44000 13638 600
Embryos 
(30 min 
4 hr MCE) 75909 22726 600
a Spillover and efficiency values are the same for each sample in a given experiment and are presented 
only once with the data from each experiment.
b SO stands for spillover of counts in one counting channel to the other channel.
c E stands for counting efficiency for a particular isotope.
^ MCE stands for mercaptoethanol.
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APPENDIX II
TOTAL COUNTS AND COUNTING TIME 
OF BLANKS FOR EXPERIMENTS ONE THROUGH SEVEN
Experiment Blank 3H (A) 32P (C)
Time
(min)
1 Sperm DNA 8198 9400 1100
Embryos DNA 17830 16776 2100
2 Sperm DNA 9109 10459 1200
3 Sperm DNA 14284 16406 2285
Embryos DNA 12993 15186 2100
4 Sperm DNA 14438 12163 1898
Embryos DNA 23223 19583 3052
5 Sperm DNA 11508 11630 1800
Embryos DNA 10849 11639 1800
6 Sperm DNA 17422 10704 2400
7 Sperm DNA 22966 11285 2600
Embryos DNA 23491 11347 2600
PLEASE NOTE:
D i s s e r t a t i o n  conta ins  pages with,  small  and i n d i s t i n c t  p r i n t .  Fi lmed as re ce ive d .  
UNIVERSITY MICROFILMS
i
101
APPENDIX III 
PUBLICATIONS OF FRANK CHARLES JANCA
Ficsor, G., Janca, F.C., and Van Hook, C. CL970) Tests for mutagenicity 
using Nitrosoguanidine, DDT and captan in maize, Newsletter of the 
Environmental Mutagen Society, No. 3:38 (.Abstract).
Ficsor, G., Beyer, R.D., Janca, F.C., and Zimmer, D.M. (1971) An organ- 
specific host-mediated microbial assay for detecting chemical 
mutagens in vivo: Demonstration of mutagenic action in rat testes
following streptozoticin treatment, Mutation Res., 13:283-287.
Janca, F.C. (1972) N-methyl-n'-nitro-N-nitrosoguanidine indiced dominant 
and recessive mutations in Zea mays, Masters Thesis, Graduate 
College, Western Michigan University, Kalamzaoo, Mi.
Aaron, C.S., Lee, W.R., Janca, F.C. and Seamster, P.M. (1973) Ethy lation 
of DNA in the germ line of male Drosophila melanogaster, Proceedings 
of the Thirteenth International Congress of Genetics, Berkeley, 
California, Genetics, 74:1s (Abstract).
Lee, W.R., Aaron, C.S., and Janca, F.C. (1973) Dependence of alkylation 
and mutagenesis on germ cell stage, First International Conference 
on Environmental Mutagens, Asilomar, Pacific Grove, California 
(U.S.A.), Mutation Res., 21:226 (Abstract).
*Aaron, C.S., Lee, W.R., Seamster, P.M. and Janca, F.C. (1977) Anon- 
aqueous gas exposure technique for microliter quantities of 
chemical mutagens, Drosophila Information Service, 52:174-175.
Janca, F.C., Lee, W.R., and Aaron, C.S., (1977) Stability of induced 
DNA alkylations in sperm and embryos of Drosophila melanogaster. 
Eighth Annual Meeting of the Environmental Mutagen Society,
Colorado Springs, Colorado. I presented this paper at the Annual 
Meeting of the Environmental Mutagen Society.
Lee, W.R., Aaron, C.S., Janca, F.C., and Skinner, P.M., (1977) Linear 
relation of alkylation to mutation in Drosophila. Second Inter­
national Conference on Environmental Mutagens, Edinburgh, Scotland, 
Abstract Book p. 105.
^Included as part of this dissertation with the permission of the 
authors.
174 - OIS 52 Technical Notes May 1977
The usual procedures for gases and aerosol 
treatment of Drosophila melanogaster with 
chemical mutagens require a volume of the muta­
gen as large as a milliliter or more. This 
note reports a method which we find to be 
adaptable for use with only microliter quanti­
ties of mutagens. The use of very small quan­
tities of the mutagen is advantageous with specifically radiolabeled mutagens because of the 
expense of these compounds.
Vacuum Injection of flies was previously described using aqueous solutions (Sega and 
Lee, DIS 45il79) but for reactive mutagens an aqueous solution may be undesirable. Further­
more, the maximum exposure concentration of a compound in the aqueous based vacuum injection 
procedure is limited to the compound's solubility in water times the maximum concentration of 
water that can be achieved in the treatment flask (limited by the dewpoint). It is more de­
sirable to use true vapor of the mutagen if it is sufficiently volatile; therefore, we have
developed a non-aqueous method of vacuum injection using glass fiber filter discs impregnated 
with the mutagen. For instance, when using ethyl methanesulfonate (EMS), we dissolve the 
mutagen in ethyl ether, place the filter disc in the ether at the bottom of a shell vial and
carefully evaporate the ether in a stream of dry nitrogen thereby coating the glass filter
with mutagen, Me then place this filter in the vacuum release line of a special treatment 
apparatus (described here), thus entraining the mutagen in the air which fills the apparatus, 
(NOTE; Due to the extreme toxicity of ether to flies, particularly under vacuum injection 
conditions, it is imperative that no ether remain on the filter.)
The apparatus which we have developed is 
diagrammed in Figure 1. The equipment used 
consists of a treatment vessel, high vacuum 
seal valves, a sintered glass funnel, and ti­
ring seal Joints as well as necessary traps and 
connections to vacuum pump, air line, etc. The
Figure 1. Vacuum injection apparatus. 1) Valve 
#1; 2) Valve #2; 3) Air or N2 inlet; 4) Vacuum 
line connection; 5) Air or N2 outlet (to appro­
priate traps); 6) Sintered glass support funnel; 
7) Glass fiber filter disc, impregnated with 
mutagen; 8) Septum for obtaining gas samples 
for gas chromatographic analysis. All joints 
(e.g., 9) are "0" ring real; dimensions are 
selected to present minimum area of contact be­
tween vapor and potentially absorbent materials. 
Either 3 or 4 may be connected to 2, and like­
wise either 5 or 6 may be connected to 1. 
Operation is described in the text.
treatment vessel is a modified 250 ml, 3 necked 
round bottomed flask. One neck was removed and 
replaced with a septum holder for collecting 
samples for gas chromatography. The other 2 
necks have O-rlng seal Joints. The high vacuum 
seal valves (Kontes glass K-826515-0008 Kcl-f
(Kontes K-671750-0007). The sintered glass funnel
(Pyrex No, 416320, 15 mm Medium grain) is fitted with an 0-ring seal Joint.
At the start of an experiment the flies are anesthetized with Nj and shaken into the
treatment vessel. The mutagen is impregnated Into a small round piece (the standard size 14 
corkborer is a satisfactory diameter) of glass fiber filter (Gelman Type A, # 61701) and 
placed on the sintered glass funnel which is mounted on the port of the #1 valve. Then, with 
with pi valve closed, a vacuum is pulled on the vessel (~10 mm Hg) using Valve #2. Valve #2 
is closed and by opening Valve #1 the vacuum is released through the funnel, thus evaporating
6
\/
8
seals) are fitted with O-ring seal Joints
Aaron. C.S.. W.R. Lee. P.M. Seamster and 
F. Janca. Louisiana State University, 
Baton Rouge, A non-aqueous gas exposure 
technique for microliter quantities of 
chemical mutagens.
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and entraining the chemical In the air stream. Valve #1 la again cloaed and the exposure la 
continued for a period of time (2*8 hr a h  At the end of the treatment time, compressed air 
la admitted through Valve #2, out Valve #1 and subaequently through traps to flush out tha 
system and destroy any remaining mutagen. Nitrogen flow In the aame path (into Valve #2, 
through the flask, out Valve #1) la used to anesthetize the flies for removal from the vessel.
In view of the extremely hazardous nature of radiolabeled mutagena, great care must be 
taken to ensure the safety of laboratory personnel. The entire apparatus previously described 
should be contained within a glove box or fume hood. Alkaline mercaptoacetate solution 
(tewls and Bacher, DIS 43tl93) Is used as a chemical trap for EMS in our laboratory, in ad­
dition, molecular sieve and cold traps are necessary to avoid radiochemical contamination of 
other equipment such as the vacuum pump.
The method described here has been used to Induce a 6%  sex-linked recessive lethal fre­
quency by treating 50 <f with 2,0 mg of BHS for 8 hours. In a separate experiment 0,2 mg of 
radiolabeled EMS was administered to 1,000 males with significant alkylation of DNA observed 
(Janca, B.C., W.R. Lee and C.S. Aaron, Unpublished).
Due to the variability in impregnation of the filter disc with the mutagen, reproduci­
bility of this method of administering mutagens Is not sufficient for constructing dosage 
response curves| however, this is the most economical method we have for treating a large 
number of males with small quantities of radiolabeled mutagena.
Acknowledgement! Support for this study was provided by USPHS Grant ES00320-09 and ERDA 
Grant AT-(40-l)-3728.
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